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PREFACE TO THIRD EDITION 


Ir is now some years since the second edition of this work appeared, 
and in endeavoring to revise it for a third edition the author has found 
the task no easy one because of the enormous amount of material which 
has appeared in the interval; and while every effort has been made 
not to overlook any important contributions, it is possible that some 
may have been missed, because of the great mass of literature that had 
to be gone through. 

The general arrangement of the book remains the same, except 
that the sections on mining clays and manufacture have been omitted, 
and, in the areal treatment of clays, Canada has been added. So too 
has a section on Bentonite. 

The author takes great pleasure in here acknowledging aid received 
from the Heckscher Research Fund Committee of Cornell University, 
as a result of which he was able to obtain assistance in the matter of 
searching through the literature. 

Thanks are also due to the American Ceramic Society for permis- 
sion to reproduce a number of illustrations from the Transactions and 
Journal, and to numerous State Geologists to whom acknowledgments 
are made in the text. 

H. Rres 


CorNELL University, Iruaca, N. Y. 
March, 1927. 
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CLAYS 


THEIR OCCURRENCE, PROPERTIES, AND USES 


CHAPTER I 
ORIGIN AND OCCURRENCE OF CLAY 


Definition.—Clay is the term applied to those earthy materials 
occurring in nature whose most prominent property is that of plasticity 
when wet, on which account they can be molded into almost any 
desired shape. This shape is retained when dry, and the clay becomes 
hard and rocklike when heated to redness or higher. Mineralogically 
clay is made up of a variety of mineral fragments, ranging from fresh 
to decomposed ones, and in size from sand grains to particles under 1 yu 
in diameter. The very fine particles, which may be of colloidal charac- 
ter, cannot always be definitely identified. 

From the standpoint of physical chemistry clays may be regarded 
as disperse systems of mineral fragments in which particles under 2 u 
predominate.! 

The colloidal matter may be of organic or inorganic character.? 

Clays may be derived from fresh rocks either by the ordinary proc- 
esses of surface weathering, or by the action of solutions which may 
be of igneous origin or indirectly of surface origin. 

In either case the alteration product is residual in its character and 
the material might be called a residual clay. 

These residual clays if exposed at the surface may then be removed 


1 Oden, S., General introduction to the Chemistry and Physical chemistry of 
Clays, Geol. Inst. Univ. Upsala, Bull. XV, p. 175-194, 1916; also Trans. Faraday 
Soc., XVII, p. 327, 1922. 

2 Cushman, A. 8., Jour. Amer. Chem. Soc., XXYV, p. 5. 
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by a transporting agent, such as water, and serve to form the great group 
of transported clays to be mentioned later. 


RESIDUAL CLAYS 
RESIDUAL CLAYS FORMED BY SURFACE WEATHERING 


The formation of clay by weathering processes may take place in 
several different ways, viz.:! (1) By decomposition of silicate minerals 
of the rock, the product having all the properties of clay; (2) by solu- 
tion of a carbonate rock containing insoluble clayey impurities, which 
are left behind as an insoluble residue; (3) by the disintegration, accom- 
panied possibly by some solution, of shales. 


Cuay FoRMATION BY SILICATE DECOMPOSITION 


The weathering of granite in the presence of moisture may serve 
as an example of this type. 

In such a rock disintegration or mechanical breaking down of the 
rock opens up a pathway for the surface waters, which attack the sili- 
cates. 

It has usually been supposed that the decomposition of the silicates 
in the rock, such as feldspar, is caused chiefly by the dissolved carbon 
dioxide, which is probably always present in the percolating waters, 
and this view was advanced by Forschammer as early as 1835,” as well 
as by other writers later; * but, as pointed out by Cameron and Bell,* 
this is very doubtful, in view of the fact that many of the minerals found 
in rocks are known to be soluble in water alone, although their solution 
may take place but slowly. The water, moreover, is believed to react 
with or hydrolyze them, as is shown by the fact that an alkaline reaction 
can be obtained with phenolphthalein, after treating powdered minerals 
with water free from dissolved carbon dioxide. 


‘For a general and detailed discussion of the subject, see especially: Merrill, 
G. P., Rocks, Rock-weathering and Soils, 1897; Buckman, H. O., Trans. Amer. 
Ceram. Soc., XIII, p. 336, 1911. 

2 Pogg. Ann., XX XV, p. 331, 1835. 

® Rogers, Amer. Jour. Sci., V, p. 404, 1848; Bischof, Naturhist. Ver. Bonn 
XT, p. 308, 1855; Daubrée, Compt. ren., LXIV, p. 339, 1867; Miller, Teche 
Mitth., 1877, p. 31; Butler, Min. Mag., XVI, p. 63; Parsons, Amer. Min., VIII 
p. 157, 1923. aot 


* Bur. of Soils, Bull. 30, p. 16, 1905; also Cushman and Hubbard, Bull. 28 
Office of Public Roads, Washington. 
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In certain cases the view has been advanced that the COs which 
took part in the weathering process was supplied by the leaching by 
surface waters of beds of peat or coal overlying the feldspathic 
rock.! 

The rate of solubility varies, of course, with the different minerals, 
the magnesium-bearing micas being more soluble than muscovite, and 
albite more so than orthoclase, with oligoclase between.2 Clark 3 found 
that muscovite, lepidolite, phlogopite, orthoclase, oligoclase, albite, leu- 
cite, nephelite, cancrinite, spodumene, scapolite, and many zeolites, all 
dissolve in water, giving an alkaline reaction, and the same has been 
shown of others.* 

The action of water on orthoclase is assumed to be somewhat accord- 
ing to the following formula: ® 


KAISi30g + HOH = KOH + HAISi30s. 


The potassium hydrate thus formed may unite with carbon dioxide 
to form either a carbonate or bicarbonate of potash, or it is possible 
that it may unite with other acids, forming salts more soluble than the 
orthoclase in the hydrolyzed acid. 

The HAISisOg formed is apparently unstable, and may lose some of 
its silica, resulting in the formation of kaolinite, pyrophyllite, or dia- 
spore, but the first of these appears to be more commonly formed in 
the weathering of feldspar. 

The reaction more commonly given for the decomposition of ortho- 
clase is 


K20- AlgO3-6Si02 + 2H20 + COzg = 
Al2O3-2SiO2-2H20 + KeCO3 + 48102. 


Kaolinization.—This alteration of the feldspar is termed kaolinization. 
The changes which take place in the alteration of several species of feld- 
spar may be given as follows: 


1 Rohland, Sprechsaal, XLV, p. 51, 1912; Niggli, P., Lehrbuch der Mineralogie, 
p. 594; Endell, K., Sprechsaal, XLIII, p. 278 and 291, 1910. 

2 Merrill, Rocks, Rock-weathering and Soils, p. 234, 1897. 

3U.S. Geol. Surv., Bull., 167, p. 156, 1900. 

4See Bull. 30, Bur. of Soils, for numerous references on this subject; also H. 
Stremme, Zeitschr. prak. Geol., XVI, p. 122; also Clarke, U. S. Geol. Surv., Bull. 
770, p. 481-486, 1924; Steiger, G., U. 8. Geol. Surv. Bull. 167, 1900. 

5 Cameron and Bell, 1. c., p. 18. 


ORIGIN OF CLAY 


SiO, Al,O3 K.O H,O Per cent 

@rthoclase =e eereee 64.86 18.29 16.85% 3 Sees 100.00 

OSU eentices ser erste A332 Lem meteuetternate 16285: | ere cee 60.09 

SRA Aid oop eBesull Moaeotso loops ood, |) He 5Gtooc 6.45 6.45 

iKGolimitene eee 2762 18529 ae eee 6.45 46.36 
Na.O 

“Al byte veterans eee iets. 68.81 19.40 TEC 7,9 en coasters 100.00 

Misti acres ees pCi el MS Bete ‘1157.9 eas ese ee 57.66 

MW cei eal oR Pare Pen [Iara ewe ||) Smee eet IE iether chess 6.85 6.85 

IAolimiuen eee 22.94 TOA 00 eee oe 6.85 49.10 
CaO 

INOS, ooacaseo00os 43.30 36.63 200} ge eee 100.00 

LOS te hee cocn |e ee | icecerer ee PAUBEYA Wr a oet. gk Ac 20.07 

Ta Ke Ul sa mvcra oeetey Serene MM Reene eters ee oc oem | teen 12.92 12.92 

IKG@oliniiesa sane ee 43.30 Coy WE eraata = 12.92 | 92.85 

| 


It will be seen from this that both the orthoclase and plagioclase 
might yield kaolinite; in fact the plagioclase varieties decompose more 
readily than orthoclase.! 

Vogt 7 has recorded an occurrence of kaolin near Jésingfjord, at Eker- 
sund-Soggendal, Norway, which is formed from labradorite, the different 
states in the change being indicated by the following analyses: 


Labradorite 
partly kaoli- Massive kaolin, more or less pure 
Labra- nized Kao- 
dorite linite 
I II I im age a IV Vv 
Siltcan(SiOs) ower Osco lOO LOSe Oe Gil ma cGt 48.06 47.83 | 47.72 46.85 | 46.50 
Alumina (AJ203)....| 27.0 | 28.60 | 29.60 | 29.45 ee { 34.53 | 37.40} 37.56 | 39.56 
Iron oxide (Fe,03)..| 2.5] 1.62 | 1.88 | 3.40 Be. 1) ro) eae eae 
Lime Ca®). 209. 3. 9.0 4.21 3.47 .68 f -48 -23 = 
Magnesia (MgO)...| 1.0] 2.95 | 1.67 49 2 | 159 sikill| Lines 
Potash (K20)...... 1.0 : Undst- iy 44) ) 
Soda (NarOy Bo \ 1.00 | Undet.| Undet. Undet. “76! Undet. 
AW CEO) rococo alin scans 11.90 13.63 16.38 12.95 13.76 11.66 14.44 13.94 
WMO tall sevensce anor x 100.0 |100.31 | (99.41) | (99.01) | (99.58) (98.89) 99.91) (99.85) |100.00 


1 Ries, Kaolins and fire-clays of Europe, U. S. Geol. Surv., 
pt. VI (ctd.), p. 337, 1898; Leimberg, Zeitsch, d. d. Geol. Ges., Vol. 35, 


Neues Jahr., Beil. Bd. XV, 2d Heft, p. 231. 
? Amer. Inst. Min. Eng., Trans., XX XT, p. 151, 1902. 


19th Ann. Rept. 


1883; Rdésler, 
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Prof. Vogt believes that the kaolinization here is due to the action of 
earbonic-acid waters, because calcite occasionally occurs with the kaolin. 
However, from what has been said on page 3, the presence of this min- 
eral would not necessarily show that the acid above mentioned had 
assisted in the decomposition of the feldspar, but simply that it had 
united with the lime set free during the breaking up of the labradorite. 

While it is probable that other silicates, such as hornblende or augite, 
yield a hydrous aluminum silicate, it is not known that it is kaolinite,! 
but their decomposition no doubt proceeds in a manner similar to that 
of feldspar. ) 

Vogt,” on the other hand, states that hornblende, augite, beryl, topaz, 
etc., are known to be occasionally converted into kaolinite, but gives 
no evidence. 

Quartz, although apparently resistant, is not left untouched, for it 
too is slightly soluble, but, aside from that originally present in the rock, 
silica may have been liberated during the decomposition of some of the 
silicates, such as feldspar. 

It has been found that in soils, and the same may be said of clays, 
quartz has accumulated in relatively large proportions. It may be 
present as quartz, colloidal silica, or perhaps other forms. There 
is, however, a tendency for it to be gradually changed over into other 
forms of quartz through solution and redeposition.® 

While there is undoubtedly lack of absolute proof that silicates other 
than feldspar yield kaolinite, all clays appear to contain a variable 
amount of some hydrated silicate of alumina, which may be present in 
some quantity, since it is a highly insoluble natural compound; and even 
though the statement is frequently made that this silicate is the mineral 
kaolinite, the fact is at times somewhat difficult of proof; indeed the 
evidence is clearly against it in some cases. 

This hydrated aluminum silicate was formerly sometimes referred 
to as the clay substance or clay base, on the supposition that kaolinite 
was the basis of all clays. It has been recognized for some years how- 
ever that this view is incorrect, and that a clay may have very little 
kaolinite. In spite of this, the old idea regarding the mineral composi- 
tion of clay is still quoted in the literature. 

Hickling * has suggested that muscovite may be an intermediate 

1 Merrill, Rocks, Rock-weathering and Soils, p. 21, 1897. 

2 Problems in the Geology of Ore Deposits, Trans. Amer. Inst. Min. Eng., 
XXXI, p. 151, 1902. 

3 Hayes, Bull. Geol. Soc. Amer., VIII, p. 213, 1897, and Jour. Geol., V, p. 319, 
1897. 

eee G., China clay; its nature and origin, Inst. Min, Eng. (England), 


Trans., XX XVI, p. 10, 1908-9. 
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compound in the alteration of feldspar to kaolinite, and Galpin |! has 
corroborated this view. 

The presence of feldspar is not necessary to yield residual clay from 
a silicate rock by weathering. There are some rocks which contain 
no feldspar (such as serpentine), and some basic igneous rocks with very 
little, which on weathering produce some of the most plastic clays 
known. 


ORIGIN BY SOLUTION 


Many limestones, dolomites and gypsum contain clayey impurities. 
Penetration of the rock by surface water will cause solution of the car- 
bonates or sulphate leaving the more or less insoluble clay behind. 
This is further referred to under Residual clay. 


ORIGIN BY DISINTEGRATION 


Shales are but consolidated clays, the consolidation in many cases 
being solely the result of pressure, in other cases both pressure and 
cementation being involved. Disintegration by frost and infiltrating 
water may therefore in many instances cause the shale to slake down 
to soft clay once more. If the shale is calcareous (or gypsiferous), 
solution may also be operative. 

Removal of iron.—While as a rule there seems to be a relatively 
small loss of iron in the process of weathering, it is probable that under 
favorable conditions, an appreciable quantity may be extracted. This 
is supposed by some to be the case if a rock which is undergoing weath- 
ering to residual clay is overlain by a deposit of organic material like 
peat which might yield carbonic and organic acids to the percolating 
waters.” Instances of this are probably not common but they do occur. 

Relation of residual clay to underlying bed rock.—Many different 
kinds of rock yield residual clay by weathering, but the nature of the 
material is more or less influenced by the character of the parent rock. 

Decomposition of the rock begins at the surface and extends down- 
ward to the depth reached by the weathering agents. 

In the case of rocks made up largely or wholly of silicates like igneous 
rocks, schists, gneisses, and feldspathic quartzites there is usually a 
gradual transition from the fully decomposed rock (clay) at the surface 


1 Galpin, S. L., Studies of Flint Clays and their associates. 
rane eeVenpas Ole Ol 2s 

2 Por a summary of opinions in favor of this theory see Howe, J. A., Handbook 
of Kaolin, China Clay and China Stone, Mus. Prac, Ge ology, London, 1914. 


Amer. Ceram. Soc., 
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into the parent rock beneath, an intermediate zone being made up of 
rock fragments surrounded by clay (Fig. 1). 

A similar condition exists in residual clay from shales. 

A marked exception to the above is seen in the case of residual clay 
derived from limestone, where the passage from clay to rock is sudden. 
The reason for this is that the change from limestone into clay does 
not take place in the same manner as granite. Limestone consists 
of carbonate of lime, or carbonate of lime and magnesia, with a variable 
quantity of clay impurities, so that when the weathering agents attack 
the rock, the carbonates are dissolved out by the surface-waters, and 
the insoluble clay impurities are left behind as a mantle on the undis- 
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Fic. 1.—Section showing the passage of the fully formed residual clay on the surface 
into the solid bed-rock below. <A, clay; B, clay and partly decomposed rock; C, 
bed-rock below, passing upwards into rock fragments with a little clay. 


solved rock, the change from rock to clay being, therefore, a sudden one, 
and not due to a gradual breaking down of the minerals in the rock, as 
in the case of granite.! 

Kaolin.2—A residual clay derived from a rock composed entirely of 
feldspar, or one containing little or no iron oxide, is usually white and 
therefore termed a kaolin; deposits of this type may contain a high 
percentage of the mineral kaolinite,® this being assumed because, after 
washing the sand out of such materials, the silica, alumina, and water 

in the remaining portion are in much the same ratios as in kaolinite, 


1 For residuals from crystalline rocks see under Maryland, Virginia and Penn- 
' sylvania; for limestone and shale residuals under Virginia and Kentucky. 

2 Ries, Trans. Amer. Ceram. Soc., XIII, p. 51, 1911. 

3The terms kaolinite, referring to the mineral, and kaolin, referring to the rock 
| mass, are often carelessly confused even by scientific writers, although there seems 


' to be little excuse for so doing. 
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although, as previously mentioned, other hydrous aluminous silicates 
may at times be present. 

A clay made up entirely of kaolinite or some related hydrous alumi- 
num silicate is sometimes termed a “ pure” clay, but since the term 


(H. Ries, photo.) 


Fic. 2.—Residual clay from limestone at Christiansburg, Va.; shows uneven surface of parent limestone. 


clay refers to a physical condition and not a definite chemical com- 


position, it would perhaps be more correct to term kaolin the simplest 
form of clay, 


There are clays made up almost entirely of other hydrous aluminum 
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silicates than kaolinite, which are also termed kaolins, as the indianaite 
of Indiana, or the halloysite of Alabama. 

A deposit of pure kaolinite has not thus far been found in nature 
though some very nearly pure occurrences are known. While the term 
kaolin is sometimes applied to any residual clay, the writer believes that 
this designation should be restricted to white residual clays, a usage 
which is wide-spread but has not become universal. The name kaolin 
is a corruption of the Chinese Kauling, which means high ridge, and 
is the name of a hill near Jauchau Fu, where the mineral is obtained.! 

In this connection it is interesting to note that, according to Richt- 
hofen,? the rock from which the King-te-chin porcelain is made is not 
true kaolin, but a hard jade-like greenish rock which occurs between 
beds of slate. He states: “This rock is reduced, by stamping, to a 
white powder, of which the finest portion is ingeniously and repeatedly 
separated. This is then molded into small-bricks. The Chinese dis- 
tinguish chiefly two kinds of this material. Either of them is sold in 
King-te-chin in the shape of bricks, and as either is a white earth, they 
offer no visible differences. They are made at different places, in the 
manner described, by pounding hard rock, but the aspect of the rock 
is nearly alike in both cases. For one of these two kinds of material the 
place Kaoling (‘ high ridge’) was in ancient times in high repute, and, 
though it has lost its prestige since centuries, the Chinese still designate 
by the name ‘ Kaoling’ the kind of earth which was formerly derived 
from there, but is now prepared in other plates. The application of 
the name by Berzelius to porcelain earth was made on the erroneous sup- 
position that the white earth which he received from a member of one 
of the embassies (I think Lord Amherst) occurred naturally in this 
state. The second kind of material bears the name Pe-tun-tse (‘ white 
clay ’).” 


The analyses* on p. 10 show the average composition of (I). the , 
natural material from King-te-chin, such as is used in the manufacture | 


of the finest porcelain; (II) that from the same locality used in the so- 
called blue Canton ware; (III) that of the English Cornwall stone; 
(IV) washed kaolin from St. Yrieux, France; and (V) washed kaolin 
from Hockessin, Del. és 
These analyses show a most striking difference between the two 
washed kaolins and the Chinese clay and Cornwall stone. 
Kaolins are now known to have been formed by weathering from a 
variety of rocks as pegmatites (N. C.), limestone (Pa.), schist (Pa.), 
1 Dana, System of Min., 1892, p. 687. 


2 Amer. Jour. Sci., 1871, p. 180. 
3G. P. Merrill, Non-metallic Minerals, p. 224, 1904. 
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shale (Va.), feldspathic quartzite (Conn.),! granite (Cornwall, Eng.), 
syenite (Ark.), porphyry (Halle, Ger.) ete. 


I II Ill IV V 
Silos, (SHOR) o ooo esa oc Taeoo HES UB itl 48.68 48.73 
Alumina: (Al,O3)...... 21.09 18.98 16.47 36.92 Sif OZ 
IRoraao Cpa (ROM. || caccnooe || cadeoor= ED Hie cade eaters .79 
imes((Ca©) peer DOO 1.58 DEW ll Pion lemaes & 16 
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Potash CK. @))2 eis sites laser etn -46 Al 
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Form of residual deposits due to weathering.—The form of such 
a residual clay deposit, which is also variable, depends on the shape 
of the parent rock. Where the residual clay has been derived from 
a great mass of granite or other clay-yielding rock, the deposit may form 
a mantle underlying a considerable area. On the other hand, some 
rocks, such as pegmatites, occur in masses having but small width as 
compared with their length, and in this case the outcrop of residual clay 
along the surface will form a narrow belt. 

Clay derived from a rock containing much iron oxide will be yellow, 
red, or brown, depending on the iron compounds present. Between the 
white clays and the brilliantly colored ones others are found represent- 
ing all intermediate stages, so that residual clays vary widely in their 
color. 

The depth of a deposit of residual clay will depend on climatic con- 
ditions, character of the parent rock, topography, and location. Rock 
decay proceeds very slowly, and in the case of most rocks the rate of 
decay is not to be measured in months or years, but rather in centuries. 
Only a few rocks, such as some shales or other soft rocks, change to clay 
in an easily measurable time. With other things equal, rock decay 
proceeds more rapidly in a moist climate, and consequently it is in such 
regions that the greatest thickness of residual materials is to be looked 
for. The thickness might also be affected by the character of the parent 
rock, whether composed of easily weathering minerals or not. Where 
the slope is gentle or the surface flat, much of the residual clay will re- 
main after being formed, but on steep slopes it will soon wash away. 


‘U.S. Geol. Surv., Bull. 708, p. 17 et seq., 1922. 
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In some cases the residual materials are washed but a short distance 
and accumulate on a flat or very gentle slope at the foot of the steeper 
one, forming a deposit not greatly different from the original ones, 
although they are not, strictly speaking, residual clays.! 

Distribution of residual clays.—Residual clays, usually of ferruginous 
character, are found in many portions of the United States, but reach 
their maximum development in that portion lying east of the Mississippi 
and south of the southern margin of the ice-sheet of the glacial 
epoch. 

North of the terminal moraine they are found only in protected situa- 
tions (Fig. 3) or non-glaciated areas. Thus, for example, an area of 
residual clay, derived from limestone, is found in the driftless area of 
Wisconsin.? This is a silty clay in its upper part, and a tough jointed 
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Fig. 3.—Generalized section showing three possible occurrences of kaolin in a 

glaciated country. 1, limestone; 2, mica schist; 3, pegmatite; 4, feldspathic 

quartzite; 5, dark gneiss; 6, light granite; 7, dark granite; 8, kaolin, protected 

from glacial erosion. Arrow indicates direction of ice movement. (After Loughlin, 
Conn. Geol. and Nat. Hist. Surv., Bull. 4, 1905.) 


clay below, while scattered through it are numerous cherty frag- 
ments. 

A second type of residual clay occurring in Wisconsin is that found 
underlying the Potsdam sandstone and has been derived from the pre- 
Cambrian crystallines. Several are found in New England. (See 
Conn. and Mass.) 

The general character of these residuals is much the same whatever 
the parent rock. Nearly all are ferruginous, and contain angular mineral 
particles, as well as more or less decomposed ones, from which the more 
soluble constituents have been leached out. The colors range usually 


1 Colluvial deposits of G. P. Merrill. 
2 Chamberlin and Salisbury, 6th Ann. Rep. U.S. Geol. Surv., p. 240, 1885. 
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from brown or red to yellow. In the Piedmont and Appalachian areas 
of the Southern States they often attain great thickness and are widely 
used for brickmaking.! In rare cases they are formed from rocks run- 
ning low in iron, and then the clay is white in color. 

The following analyses 2 represent the composition of several residual 
clays: 


ANALYSES OF RESIDUAL CLAYS 


Constituents| I Il iil JAY V val VII | VIII] IX | X 


NOR gone uc 71.13] 49.90] 53.09} 49.13] 55.42] 40.127] 39.55/66 .27)77 24/55. 39 


AL;On oer, oe 12.50] 18.64] 21.43] 20.08] 22.17] 13.75 | 28.76|15.25/26.17/20.16 
FeO, 5.52| 17.19] 8.53] 11.04 
Sata) ae Wel gab ae a 8.30| 12.315] 16.80] 6.97| 7.76] 8.79 
TiOst ie oe Yih Ari ely CAB aoe 64 
POR coe. 02) ae 03am 03) en 04) aeenets .626| .10| .07|. .14| .04 
IWEAOS gone o- 104" OL 03) 206 
CaO Pee 851, -£93)0 205 1722| 4" (15) “SebISi —S7iee 24a sees 
MgO.....:. 38) 273 1481-021) 1245) 470 ooo eee een 
REO ae 2.19 SO esse 133 ee 006| Tr 40| .29| .79 
KO's eras 1.61120 7.03 |) = esses GO 2, holed Stes .86| 4.41] 4.03 
HO cit cc.: *4_63]*10.46|*10.79|/*11.72| *9.86|+27.441] 13.26] 8.2 |..... (36 
COstL eee. FASE °S0)= 20) See 30l eee 2.251 
Oe CAT nO ne SA len 22a 00 

100. 39}100. 50/100 ..09|100. 68] 99. 84/100. 631/100. 07/98. 69199. 2798 .30 


* Contains hydrogen and organic matter. Dried at 100° C. 
t+ Contains 11.21 per cent of organic matter. 


Numbers I, II, II, and IV are limestone residuals from southern Wisconsin. Nos. I and II are 
from the same vertical section, I being 4} feet from the surface, and II 8}, and in contact with the 
underlying limestone. Nos. III and IV are similarly related, III being 3 feet from the surface, and 
IV 4; feet, the lower sample lying on the unchanged rock. ‘The larger percentages of silica, in 
samples from nearest surface, are due to higher state of decomposition, the soluble portions having 
been more largely removed. The presence of larger percentages of alkalies in these same samples 
indicates that these salts existed in the form of silicates which have resisted the decomposing influ- 
ences, and remain mechanically included in the residues.’’ No. V represents a residual from the 
Knox dolomite at Morristown, Ala.; VI is a red earth formed by decay of Bermuda coralline lime- 
stone; VII is a diabase residual from Wadesboro, N. C.; VIII a gabbro subsoil from Maryland; 
IX a Trenton limestone residual from Hagerstown, Md.; and X a Triassic limestone residual. 


The texture of some of the above residual soils has been determined 
as follows: 3 


*G. P. Merrill, Rocks, Rock-weathering, and Soils, p. 301; I. C. Russell, U.S. 
Geol. Surv., Bull. 52, 1884-85; H. Ries, U. 8. Geol. Surv., Prof. Pap. 11. 

> G. P. Merrill, Rocks, Rock-weathering, and Soils, p. 306. 

> Whitney, M., Md. Agric. Exp. Sta., Bull. 21, 1898. 
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MercHANICcCAL ANALYSES OF REesmpuAL CLAYS 


Diameter of 
particles, Name I Il Il IV W 
mm. 

2-1 Minesoraiveleee aes ahs sek 54 AY .00 .00 19 
1-.5 @oarse-sand sence «enenintinatic ok Roe 00) P23 26) 1.80 
2) =.25 Nec sain deena ee a aks) PAY) LS oe: 
P2on— | A SNVAVECCE Wave leo ayo Bee ees eee .62 .25| 4.03 66] 6.96 
1 -.05 Weryi ine sand. (coe pease 4.03} 2.84].11.57| 6.73), 8.76 
.05 —.01 SIV ith SA ee a eer, AO a he 36.02) 19.04] 38.97] 47.32] 34.92 
ae OO Sa Mine wsilt.. cy cs eece ene eee s 14.99} 20.88} 8.84) 10.04] 12.14 
BOS mOOOUE Gla yom a oy. ie chit eee. 41.24) 51.77] 32.70) 34.90] 28.82 
Total mineral matter........... 88.48} 94.60} 97.63] 94.44] 96.71 
Organic matter, water, loss......| 1.52) 5.40) 2.37) 5.56) 3.29 
100.00}100.00'100 .00}100 . 00/100. 00 


Laterite.—This represents a peculiar type of residual clay formed by 
the weathering of different kinds of rocks, under conditions yielding 
a product in which aluminum hydrate and iron hydroxides predominate. 
This means then that during the process of weathering the silica has 
been largely eliminated. 

Laterite has been derived from a number of different kinds of rock, 
but the changes which bring about its formation appear to be peculiarly 


characteristic of the tropics. 


The two following analyses show: I, a fresh nepheline syenite, and 
II the laterite derived from it: 


ANALYSES OF SYENITE AND LATERITE 


II I Ie 
SiOs.. 56.88 | 35.14 || MgO...... 56 21 
INOR 6 os 2 29 E7Om|leNacOkeeeee 8.30 
Al,O3 22.60 | 40.12 || K.O. Deo 
Fe.0; .97 Al SI) WIR OR. 5 6 a6 2 08 
FeO. 2.19 HO} 5. .98 | 17.84 
(CHO sesse iL OB .45 || Insoluble 134 1.46 


Some laterites are so rich in aluminum hydroxide as to serve as ores 
of aluminum, while others may be sufficiently rich in iron hydroxide to 
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be used as iron ores. If we consider bauxite as a form of laterite, then 

its formation cannot be said to be strictly confined to tropical regions. 
Numerous papers have been written on laterites, but that by Ge 8 hs 

Swanson, summarizes well our existing knowledge and also contains 


a bibliography.! 


RESIDUAL CLAYS FORMED BY PROCESSES OTHER THAN SURFACE 
WEATHERING 


Clays, often of a non-ferruginous character, which have been formed 
by the decomposition or alteration of rocks, are sometimes found in such 
relationships as to throw some doubt on their having originated by the 
ordinary processes of weathering. 

The belief expressed by some is that such deposits have been formed 
by rising vapors or solutions presumably of igneous origin, but, there 
are other cases where the exact source of the alteration agent is not 
known. The view has been strongly argued for by some, but in most 
cases lacks definite proof. 

Clay formation by hydrothermal solutions.—One of the first to 
advocate a hydrothermal origin for residual clay (kaolin) was von 
Buch in 1824,? who observed that the kaolin at Halle, Germany, was 
associated with minerals containing fluorine and hence thought it was 
formed by hydrofluoric acid acting on the granite. This view was 
decidedly incorrect as one could see that the kaolin passed into porphyry 
with depth, and hence was a product of weathering.® 

Daubrée considered that the kaolin near St. Austell in Cornwall,* 
Central France, and the Erzgebirge must have had a similar origin. 

The formation of kaolin by other causes than surface agencies has 
been referred to by B. von Inkey and Semper as a product of propylit- 
ization in some cases.° 

Cross and Penrose © suggested a pneumatolytic origin for the kaolin 
found in some of the Cripple Creek, Colo., mines, but Ransome and 
Lindgren,’ have disputed this. 

J. H. Collins was a strong advocate of the view that the kaolins 


1 Jour. Amer. Ceram. Soc., VI, p. 1248, 1923. 

2 Min. Tasch., 1824. 

* Personal observation by the author, and see also, Selle, V., Zeitschr. f. Naturw., 
Halle, LX XIX, 1907. 

4 Etudes synthétiques de Geologie Expérimentale, 1879. 

° Nagyag u. seine Lagerstiitten, Budapest, 1885. 

° U.S. Geol. Surv., 16th Ann. Rept., Pt. II, p. 160. 

7U.S. Geol. Surv., Bull. 254, p. 21, 1904. 


RESIDUAL CLAYS 15 


of the Cornwall district, England, were of pneumatolytic origin. Here 
we have some of the deepest known kaolin deposits of the world, which 
occur in a granite that is traversed by tin veins, and which have been 
worked to a depth of several hundred feet. 

Collins sought to show that the kaolin had been formed by the 
action of fluoric vapors on granite, and attempted! to prove that this 
was possible by exposing feldspar to the action of hydrofluoric acid. 

The feldspar, according to Collins, was converted into hydrated 
silicate of alumina, mixed with soluble fluoride of potassium, while pure 
silica was deposited on the sides of the tube. 

With such treatment the orthoclase yielded more readily than either 
albite or oligoclase. The following analyses show the effect of 96 hours’ 
treatment of orthoclase with hydrofluoric acid at 60° F.: 


I II IIT 
Shee (SHO 45 bo caowee 63.70 | 49.20 44.10 
jNiorenbarey UNIO) 6 ac 6 58 oe 19.76 Sone 40.25 
iBYourevelay (IKO)) «5 op cbannvas 1153, IP PAS 
Sah (NBO), Sea 4sco8e 2.26 Ati. bie, 
Ferric oxide (Fe.03)..... Sif ‘te; eres 
Weir (EEO) eo 5 ocuan sue be 14.20 15.01 
100.04 98.64 99.61 


I. The original feldspar. 
II. Inner layer of altered feldspar. 
III. Outer layer of altered feldspar. 


From the analysis it will be seen that the composition of the outer 
layer simply approximates that of kaolinite. 

The artificial clay thus produced, when examined under the micro- 
scope, resembled washed kaolin. It showed no hexagonal scales, but 
contained a number of minute colorless cubes which are supposed to be 
fluorspar. 

If Mr. Collins’ theory be correct, the kaolin deposits should extend 
to great depths, but if the kaolinization be due to weathering, then we 
should encounter undecomposed felspar at the limit to which weather- 
ing has reached. More recently Résler? has advanced the view, on 
what seems to the writer insufficient evidence, that the kaolinization of 


1 Min. Mag., 1887, VII, p. 213. ; 
2H. Résler, Beitriige zur kenntniss der Kaolinlagerstatten, Neues Jahrb. f. Min., 


Geol. u. Pal., XV. Beilage-Band, 2d Heft, pp. 231-393. 
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feldspars is never due to atmospheric action, but to post-volcanic pneu- 
matolytic and pneumato-hydatogenic processes.' 

In the author’s opinion, not one of the seven criteria named by 
Rosler are positive proof of pneumatolytic origin.” 

The very fact that many of our kaolins pass into undecomposed 
rock when the limit of weathering is reached shows the incorrectness of 
such a broad statement:?: 

In the United States several occurrences of kaolin or kaolinite for- 
‘mation due to ascending hot waters have been suggested in some San 
Juan ores of the Silverton, Colo., quadrangle,* at Boulder Hot Springs, 
Mont.,° and in the ore of the Bassick Mine, Colo.® 

Ransome states that at Goldfield, Nev., the kaolinite occurs with 
alunite, gold and sulphides, so intimately mixed as to show that it was 
formed before and independent of weathering.’ 

The latest described case is that of the kaolin deposits of St. Remi 
d’Amherst in Quebec, which occur in quartzite. M. E. Wilson in 
describing these has assigned a hydrothermal origin to them, and claims 
that the host rock is pure quartzite which could not have yielded 
kaolin by weathering.’ The solutions are believed to have risen along 
fault fractures. 

Lindgren ® in combating the theory of hydrothermal origin asserts 
that he has never looked upon kaolinite as a high-temperature mineral, 
but considers it either .a result of the alteration of feldspars by 
descending waters with SO3 or COg, or by weak carbonated ascending 
waters near the surface. This last point, C. EK. Tolman,!° thinks, lacks 
proof. The points listed by Lindgren in favor of a low temperature 
origin are: 1. Kaolinite is a definite hydrated aluminum silicate: 
2. Except for the experiment by Collins (see above) it has never been 
made synthetically. 38. It is decomposed by H2SO4. 4. Kaolinite 


1 See also E. Zalinski on the kaolinization of the granite of the turquoise deposits 
in,New Mexico; Econ. Geol., IH, p. 479, 1907; Stiitze, Zeitschr. prak. Geol.,, 
XIII, p. 333, 1905. 

? See Ries, Origin of Kaolin, Trans. Amer. Ceram. Soc., XIII, p. 51, 1911. 

*In this connection, see G. P. Merrill, What Constitutes a Clay, Amer. Geol. 
XXX, Noy. 1902, and H. Ries, Origin of Kaolin, Trans. Amer. Ceramic Soce LE, 
p«93, 1900. 

4 Ransome, U.S. Geol. Surv., Bull. 182, p. 73, 1901. 

5 Weed, ibid., 21st Ann. Kept., Pt. 2, p. 253, 1900. 

6 Emmons, 8. F., zbid., 17th Ann. Rept., Pt. II, p. 432, 1896. 

7 Keon. Geol., II, p. 690, 1907. 

8 Can. Geol. Sury., Mem. 113, 1919. 

* Econ. Geol., X, p. 89, 1915; See also Leonard, R. J., Econ. Geol. XXII, p. 
18, 1927. 

10 Hcon. Geol., IX, p. 200, 1914. 
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loses some water in exsiccator at 125° C., but most of it at 470-500° C. 
and a little at red heat. 5. Stremme says that the AlsO3 and SiQs 
of kaolinite dissociate at 500°C. 6. Kaolinite absorbs bases as copper 
from a solution of silicate and gives off a corresponding amount of bases, 
which Lindgren believes shows that the kaolinite cannot be formed 
above a temperature of 470° C., 

Lemberg (quoted by Stremme) showed that solutions of potassium 
and sodium salts acting on kaolinite at temperatures of 100°-200° C. 
change it to alkaline silicates similar to sodalite, nephelite and analcite, 
some of which are crystalline. From this it is assumed that kaolinite 
is unstable when heated in strong alkaline solutions from 100°—200° in 
closed vessels. Since in ore deposition the rising solutions which attack 
the wall rock are usually hot and strongly alkaline, it would seem to 
argue against the formation of kaolinite under such conditions, sericite 
instead being formed. 

In many ore bodies kaolinite is found extending down to the water 
level, but below this the soft white material which is often so abundant 
is presumably sericite. 

If the sericite is exposed to a weak sulphuric acid solution in the zone 
of weathering it is said to change to kaolinite, on the other hand kaolinite 
is not stable in a strongly acid solution. 

However, in spite of arguments to the contrary, there seems to be 
strong indications that kaolinite may occasionally be formed by rising 
thermal solutions. (See further under Kaolinite.) 

Residual clays formed by rising carbonated waters.—At Karlsbad, 
Czechoslovakia, the kaolin deposits are associated with granite, and are 
thought by some to owe their origin to rising spring waters containing 
carbon dioxide.! 

Here according to C. Gagel and H. Stremme the granite is kaolinized 
around the vent of one of the springs,” indeed it was found that the 
granite was completely altered within a circle having a diameter of 40 m. 
and a depth of 50m. 

The analyses on p. 16 illustrate these changes. 

A. F. Buddington in discussing the occurrence of kaolinite and calcite 
in miarolitic cavities of a rhyolite porphyry of southeastern Alaska 
believes that the former has been derived through the partial alteration 
and leaching of the plagioclase of an underlying granite porphyry by 
rising thermal carbonated waters of relatively low temperature.? 


1 See Stremme and Grupe, Monatsber. d. d. Geol. Ges., 1910; Gagel and Stremme, 
Centralbl. f. Min. u. s. w., 1909. 

2 Centralbl. fiir Min., 1909, pp. 427-487 and 467-475. 

3 Jour. Geol., XX XI, p. 149, 1923. 
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I 1ue III IV 

SiOz. 71.67 69.87 64.68 | 49.71 
TiO see 0.14 0.10 Trace 0.10 
Al,Os. . 14.64 17.41 24.93 | 35.20 
le O bes coo as 1.19 0.69 0.46 il 
KeQy eae 1.08 3.02 0.26 0.21 
CaO. 0.38 0.20 0.10 ORT 
WWIRO), bo oo we 0.18 0.15 0.06 0.13 
k,0. 5.20 0.36 0.29 0.54 
Na2O 3223 0.16 0.08 0.06 
ES One eee il. 7 6.33 8.62 i2e3 
COs aBae eee None TAG cease Trace 
SOs3 eee 0.18 0.06 ORS OsDS 
P.O ene eee 0.24 0.11 0.18 On 

99.84 99.95 99.79 | 99.74 


I. Coarse granite 200 meters from the spring. 

II. Kaolinized coarse granite at spring outlet, depth about 50 meters. 
III. Kaolinized fine granite (aplite) at spring outlet, depth about 50 meters. 
IV. Finest washings from II and III (nearly pure kaolinite). 

Deposits formed by downward moving sulphate solutions.—Lind- 
gren and Loughlin,! in their report on the Ore Deposits of the Tintic 
District, note the occurrence of irregular bodies of limonite, kaolin, 
and jasperoid along the contact of limestone and monzonite. A vol- 
canic rock overlies the limestone, and the former is believed to have 
been altered to a quartz-sericite-pyrite aggregate by rising solutions. 
Later the pyritic volcanic rocks were oxidized by surface waters, with 
the formation of FeSO4 and H2SO4. The latter is thought to have 
attacked the sericite, converting it in part to soluble alumina and silica, 
and leaving insoluble kaolinite behind. Some of this kaolinite may 
have been carried downward with H2SO4 which attacked the limestone, 
and brought about a replacement of the calcium carbonate by kaolinite. 

Other cases involving the action of sulphate solutions have been 
noted by Parsons,” Ransome,® and Jaquet.* 

Residual clays formed indirectly ° by meteoric waters.—A deposit 
of this type and the only representative of this class so far as known 
is the so-called Indianaite of Indiana. 

1U.8. Geol. Surv., Prof. Pap. 107, p. 262. 

2 Ont. Bur. Mines, XXIV, Pt. I, p. 185, 1915. 

3 Heon. Geol., II, p. 689, 1907. 

“Report on Broken Hill Lode, New South Wales, 1894, p. 89. 


* Logan, W. N., U.S. Geol. Surv., Bull. 708, p. 147, 1922, and Ries, H., ibid., 
p. 154; Logan, Ind., State Dept. Conserv., Bull. 6, 1920. See under Indiana. 
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This clay which is found in the lower part of the Mansfield sand- 
stone near its contact with the underlying Chester shale, appears with- 
out doubt to have resulted from the replacement of the quartz grains 
and pebbles by alumina-bearing solutions, which were derived from 
the underlying Chester shale, which supplied aluminum. sulphate. 
Logan believes that bacteria played.a role in the process, but Ries 
does not consider this necessary. (See under Indiana and Indianaite.) 

As bearing on the deposition of kaolinite by surface waters below 
the oxidized zone it will be of interest to quote G. F. Loughlin.! He 
states: ; 

“The kaolin in certain sulphide ores in the Leadville (Colo.) dis- 
trict . . . has been noted in different parts of the district but the most 
interesting occurrences were found in the Golden Eagle mine, Breece 
Hill. The sulphides, principally pyrite and chalcopyrite, are either 
tarnished or coated with films of chalcocite, or are free from any sign 
of alteration; but the original gangue, manganosiderite is almost com- 
pletely replaced by kaolin. Where replacement is complete the sul- 
phides show no evidence whatever of mechanical disturbance and in 
part no evidence of chemical reaction. Where the sulphides are coated 
with chalcocite the chalcocite has been deposited later than the kaolin, 
and apparently represents a later stage of alteration. . . . Certain 
beds of the white limestone are also replaced by kaolin.” He believes 
that water descending through the pyritic porphyry dissolved alumina 
and silica and carried them to or below the water level, where conditions 
favored the replacement of carbonates by kaolinite. 


TRANSPORTED CLAYS 


SEDIMENTARY CLAYS 


Origin.— As mentioned above, residual clays rarely remain on steep 
slopes, but are carried by rain wash into streams and transported 
by these to lower and sometimes distant areas. By this means residual 
clays possibly of different character may be washed down into the same 
stream and become mixed together... This process of wash and trans- 
portation can be seen in any abandoned clay bank, where the clay of the 
slopes is washed down and spread out over the bottom of the pit. 

As long as the stream maintains its velocity it will carry the clay in 
suspension, but if its velocity be checked, so that the water becomes 
quiet and free from currents, the particles begin to settle on the bottom, 
forming a clay layer of variable extent and thickness. This may be 
added to from time to time, and to such a deposit the name of sedimen- 


1 Keon. Geol., XIX, p. 70, 1924. 
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Fic. 4.—Section showing beds of stratified clay overlain by glacial drift. (After 
Ries, N. J. Geol. Surv., Fin. Rept., VI, 1904.) 


Fra. 5.—Bank of clay showing white sand on right, passing into a black clay on the 
left. (After Ries, N. J. Geol. Surv., Fin. Rept., VI, 1904.) 
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tary clay is applied. All sedimentary clays are more or less distinctly 
stratified or made up of layers, this being due to the fact that one 
layer of sediment is laid down on top of another (Fig. 4). If there were 
absolutely no difference in the character of the material deposited, it 
would form one thick homogeneous bed, but there is usually more or less 
variation, a layer of very fine material being laid down at one time and 
a layer of coarser material on top of it, or vice versa. These layers may 
also vary in thickness, and since there is less cohesion between unlike 
particles, the two layers will tend to separate along their line of contact. 

As the finer material can only be deposited in quiet water, and coarse 
material in disturbed waters, so from the character of the deposit we 
ean read much regarding the conditions under which it was formed. 
If, therefore, in the same bank alternating layers of sand, clay, and 


a = Seem Se 


eae = —— ~ —Fire clay 
Sandy clay ° aS = Fire clay 
Black clay “/ fp _ = —- =S= =— Blue clay 


Sandy clay 


Bed Rock 


Fria. 6.—Generalized section showing how clay beds may vary both vertically and 
horizontally. 


gravel are found, it indicates a change from disturbed to quiet water, 
and still later rapid currents over the spot in which these materials were 
deposited. The commonest evidence of current deposition is seen in the 
cross-bedded structure of some sand beds where the layers dip in many 
different directions, due to shifting currents which have deposited the 
sand in inclined layers. The beds of thinly stratified or laminated sands 
and clays found in many of the Cretaceous and Tertiary deposits of the 
coastal plain are another example of rapid changes in the conditions of 
deposition. 

Sedimentary clays can be distinguished from residual clays chiefly 
by their stratification, and also by the fact that they commonly bear 
no direct relation to the underlying rock on which they may rest. 

Structural irregularities in sedimentary clays.—All sedimentary clays 
resemble each other in being stratified, but, aside from this, they may 
show marked irregularities in structure. 

Thus, any one bed, if followed from point to point, may show varia- 
tions in thickness, pinching or narrowing in one place and thickening or 
swelling in others, as shown in Fig. 6. 
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In digging clay the miner often finds streaks of sand extending 
through the deposit and cutting through several different layers, these 
having been caused by the filling of channels cut in the clay deposits by 
streams after the elevation of the former to dry land. Occasionally a 
bed of clay may be extensively worn away or corraded by currents sub- 
sequent to its deposition, leaving its upper surface very uneven, and 
on this an entirely different kind of material may be deposited, covering 
the earlier bed, and filling the depressions in its surface. If the erosion 
has been deep, adjoining pits dug at the same level may find clay in one 
case and sand in the other (Fig. 7). Such irregularities are known to 
occur in both clays and shales. 


Fria. 7.—Section showing uneven boundary of two clay beds, due to erosion of one 
before deposition of the other. 


While in many instances the changes in the deposit are clearly visible 
to the naked eye, variations may also occur, due to the same cause, which 
would only show on burning. Thus, for example, the so-called retort- 
clay, found in the Woodbridge region of New Jersey, is similar in its 
plastic qualties wherever found, but the shrinkage of that found in the 
different pits is not always the same, because it varies in fineness from 
place to place. It may also vary in color. 


CLASSIFICATION OF SEDIMENTARY CLAYS 


The general character of sedimentary clays is more or less influenced 
by the locality and conditions of deposition, which enables us, there- 
fore, to divide them into the following classes: 

Marine clays.—This class includes those sedimentary clays deposited 
on the ocean bottom, where the water is quiet. They have, therefore, 
been laid down at some distance from the shore, since nearer the land, 
where the water is shallower and disturbed, only coarser materials can 
be deposited. Beds of clay of this type may be of vast extent and great 
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thickness, but will naturally show some variation, horizontally at least, 
because the different rivers flowing into the sea usually bring down 
different classes of material. 

Thus, one stream may carry the wash from an area of iron-stained 
clay, and another the drainage from an area of white or light-colored 
clay. Asa sediment spread out over the bottom, the areas of deposition 
might overlap, and there would thus be formed an intermediate zone 
made up of a mixture of the two sediments. This would show itself later 
as horizontal transition from one kind of clay to another. These changes 
may occur gradually, or at other times within the distance of a few feet 
(Hig. 5). 

The laminations produced by vertical changes are shown in 
Fig. 4. 

The most persistent beds of this class are found in the rocks of the 
Silurian, Devonian, and Carboniferous systems, but beds of considerable 
horizontal extent are at times found in the Mesozoic formations.! 

Estuarine clays.—These form a second type of some importance in 
certain areas. They represent bodies of clay laid down in shallow arms 
of the sea, and are consequently found in areas that are comparatively 
long and narrow, with the deposits showing a tendency towards basin 
shapes. If strong currents enter the estuary from its upper end, the 
settling of the clay mud may be prevented, except in areas of quiet water 
- in recesses of the bay shore. Or, if the estuary is supplied by one stream 
at its head, and this of low velocity, the finer clays will be found at a 
point most distant from the mouth of the river. In such cases we should 
anticipate an increase in coarseness of the clay bed or series of beds as 
they are followed from what was formerly the old shore line up to the 
mouth of the former river that brought down the sediment. 

Estuarine clays often show sandy laminations, and are not infre- 
quently associated with shore marshes, due to the gradual filling up of 
the estuary and the growth of plants on the mud flats thus formed. The 
clays of the Hackensack region of New Jersey and those of the Hudson 
Valley of New York (in part) are examples of estuarine deposits, formed 


1A peculiar type of marine deposit, which covers many square miles of the 
deeper lying portions of the ocean floor, is the so-called Red Clay. It is of no eco- 
nomic value. ‘ 

The composite analysis of a number of samples, recalculated so as to omit 
adsorbed sea-salts, calcium carbonate, and a little gypsum, is given by Clarke 
(Jour. Geol., XV, p. 787) as follows: SiOz, 54.48; TiO», 0.98; Al2Os, 15.94; Cr.03, 
0.012; Fe.Os, 8.66; FeO, 0.84; NiO,CoO, 0.039; MnOs, 1.21; MgO, 3.31; CaO, 
1.96; SrO, 0.056; BaO, 0.20; K.O, 2.85; Na2O, 2.05; V.O;, 0.035; As2Os, 0.001; 
Mo0,, tr.; P20;, 0.30; CuO, 0.024; PbO, 0.008; ZnO, 0.005; H20, 7.04; 100.00. 
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at the close of the glacial period, when the region around the Palisades 
stood somewhat lower in respect to sea-level than at present.' 

Swamp and lake clays.—Swamp and lake clays constitute a third 
class of deposits, which have been formed in basin-shaped depressions 
occupied by lakes or swamps. They represent a common type, of vari- 
able extent and thickness, but all agree in being more or less basin- 
shaped. They not infrequently show alternating beds of clay and sand, 
the latter in such thin laminz as to be readily overlooked, but causing the 
clay layers to split apart easily. Many of the lake clays are directly or 
indirectly of glacial origin, having been laid down in basins or hollows 
along the margin of the continental ice-sheet, or else in valleys that have 
been dammed up by the accumulation of a mass of drift across them. 
They are usually surface deposits, of variable thickness, often highly 
plastic, and more or less impure. Their chief use is for common brick 
and earthenware, and they are rarely of refractory character. 

Some lake clays show a characteristic banding (varves), representing 
seasonal accumulations.? 

Those formed at earlier geologic periods may have become subse- 
quently covered by other sediments, as may of the coal under clays of 
the Carboniferous. These sometimes show the upright stumps of trees 
that grew in the swamp in which the clay was deposited, and are referred 
to in more detail on p. 29. 

Flood-plain and terrace clays.—Many rivers, especially in broad val- 
leys, are bordered by a terrace or plain, there being sometimes two or 
more, extending like a series of shelves, or steps, up the valley side. The 
lowest of these is often covered by the river during periods of high water, 
and is consequently termed the flood-plain. In such times much 
clayey sediment is added to the surface of this flood-terrace, and thus 
a flood-plain clay deposit may be built up. (Figs. 12 and 13.) 

Owing to the fact that there is usually some current setting along 
over the plain when it is overflowed, the finest sediments cannot settle 
down, except in protected spots, and consequently most terrace clays 
are rather sandy, with here and there pockets of fine, plastic clay. They 
also frequently contain more or less organic matter. Along its inner 
edge the terrace may be covered by a mixture of clay, sand, and stones, 
washed down from neighboring slopes. 

Where several terraces are found it indicates that the stream was 
formerly at the higher levels, and has cut down its bed, each terrace 


‘ Report on Glacial Geology, N. J. Geol. Survey, Vol. V, p. 196; and N. Y. State 
Museum, Bull. 35, p. 576. 


2 Antevs, E., Can. Geol. Surv., Mem. 146, 1925, (has bibliography); ‘Reeds, 
C. A., Amer. Mus. Noy., No. 209, Feb, 1926. 
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Fira. 8.—Section showing fire-clay underlying coal-seam. The upper clay above 
coal is of impure character. (Photo loaned by Robinson Clay-product Company.) 


2 aS 


Fig. 9.—Deposit of lake clay in Nicola Valley, Brit. Col. (H. Ries, Photo.) 
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Fic. 10.—Deposit of stony glacial clay. (After H. Ries, N. J. Geol. Surv., Fin. 
Rept., VI.) Nae? 


Fia. 11.—Clay pit in Lignitic Tertiary formation, Athens, Tex. Shows gently 
dipping layers. (Photo by H. Ries, 1903.) 
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Fic. 12.—Flood plain terrace underlain with clay, along Saskatchewan River, 
Edmonton, Alta. (H. Ries., photo, Can. Geol. Surv., Mem. 24-F.) 


Fra. 13.—Section through the deposit shown in Fig. 12, with light sandy beds, and 
darker clayey ones. 
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representing a former flood-plain. Even along the same stream, how- 
ever, the clays of the several terraces may vary widely in their character, 
those of one terrace being perhaps suitable for pottery, and those of the 
second being available only for common brick and tile. Examples of 
such clays are to be found in many regions. 

Flood plain deposits may show considerable irregularity, gradations 
between clay, sand and gravel being not uncommon. 

Delta clays.—These are supposed to have been deposited in quiet 
water near the mouths of rivers, or as basins on the surface of deltas. 
Relatively few deposits of this character have been described, and while 
they probably in most cases would be silty and impure, still occasionally 
some interesting deposits of this type occur as in the Eocene delta of the 
Frazer River in British Columbia.! 

Drift or bowlder clays.—In that portion of the United States formerly 
covered by the continental ice-sheet there are occasional deposits of clay 
formed directly by the glacier. These are usually tough, dense, gritty 
clays, often containing many stones (Fig. 10). The material, till, 
deposited by the ice, is usually too stony and sandy to serve as 
clay, although often known as bowlder clay. Locally, however, although 
the ice-transported material has been largely ground to a fine rock flour, 
the bowlder clay is plastic enough and not too full of stones for use. 
Such deposits are mostly of hmited extent, impure, and of little value. 

In addition to this type of clay formed directly by the ice, there were 
clays deposited in lakes or along flood-plains by the streams issuing from 
the glacier. These were composed of material derived from the ice, but 
since they were deposited by water they were stratified, and may prop- 
erly be classed as lacustrine, estuarine, or flood-plain of glacial age. 
Bowlder clays, although abundantly distributed, are often too stony to 
be of much value for the manufacture of clay products. : 

olian clays.—In many parts of the West there is found a silty, often 
calcareous clay, termed the loess. This, although commonly a water 
deposit, may at times have been formed by wind action. It could there- 
fore properly be classed as transported clay, and would also show a 
stratified structure. 

Chemical deposits.—One of the most puzzling types of clay is that 
known as flint clay, which is usually high in alumina, with a very fine 
texture and conchoidal fracture. 

In many cases the material is of such remarkably fine texture as to 
prevent a mineralogical diagnosis with the microscope, but its com- 


* Ries and Keele, Can. Geol. Surv., Mem. 24-E, p. 126, 1912; Burwash, Geology 
of Vancouver and vicinity, 1918. : 
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position may suggest the presence of a large amount of some hydrous 
aluminum silicate such as kaolinite. 

Occasionally the flint clay may contain oolitic bodies, which when 
examined under the microscope are found to be composed of diaspore ! 
as in the Missouri flint clays, or gibbsite ? as in those of Kentucky. 

Galpin has suggested that the material of flint clay was originally 
deposited as a colloidal sediment, “ whose consolidation took place 
partly as the settling of a colloidal gel, but mainly as a recrystallization 
of their hydrous aluminum silicates, with the formation of minute inter- 
locking crystals of kaolinite and hydrated micas, resulting in the for- 
mation of flint clays.” 

There may be some doubt as to whether these are strictly speaking 
chemical deposits. 

Fire-clays of coal measures.—Tlire-clays are found in a number of 
places underlying beds of coal, or at least in the same series with them, 
and the origin of these “ under-clays ”’ has always been a fruitful source 
of discussion. Clays of a refractory character underlying coal are found 
in Pennsylvania, Ohio, Maryland, West Virginia, Illinois and Indiana. 
None are found under coals in Virginia, Michigan, Alabama, Iowa or 
Arkansas, and even in those states where such clays occur, all of the 
under-clays are not by any means refractory. The fire-clays themselves 
may be underlain by shale, sandstone, conglomerate, limestone, cr even 
other beds of coal. The beds rarely show distinct bedding or lamina- 
tion, and are often lens shaped. No definite relation exists between 
the refractoriness of the clay and its thickness, or the quality of the coal 
with which it is associated. It is sometimes noticed that where the 
under-clay is thick the coal may be thin, or the reverse. 

While most of the fire-clays are plastic, beds of flint clay are some- 
times present, and when the two occur in the same deposit they exhibit 
no definite relation to each other. 

In the Pennsylvanian system of rocks, nearly all of the fire-clays are 
found in the lower part, that is in the Pottsville and Allegheny series, 
while in the southern part of the Appalachian coal field they appear 
to occur in the Pottsville only. 

Various theories have been suggested to explain the origin of the 
coal-measures fire-clays. 

Among the earliest was that of Worthen,? who spoke of them as the 
soil in which the coal-forming plants grew. While it is true that in 


1 Somers, U. 8. Geol. Surv., Bull. 708, p. 299, 1922. Wherry, Amer. Mineral., 
IIL, p. 154, 1918. 

2 Galpin, Trans. Amer. Ceram. Soc., XIV, p. 301, 1912. 

$Tll. Geol. Surv., I, 1866. 
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many under-clays we find roots, known as Stigmaria, which belonged 
to the trees that grew in the old peat swamp, still it is known that many 
modern peat bogs have no such underclays. 

Lesley at a later date! expressed the belief that the ponds in which 
peat accumulated were surrounded by sand and that the water perco- 
lating through this into the open water carried only the finest mud. 
It is questionable whether very much clay could float in in this 
manner. 

Some time later H. A. Wheeler ? advanced the view that the refrac- 
tory character of the under-clay was due to plant roots removing the 
impurities by absorption into their tissues. This is a view that has 
been widely held, and seems to have much evidence against it. It is 
difficult to see how this process should so completely purify the clay; 
moreover in the case of very thick clays the upper portion should be 
purer than the lower part, which is not always the case, and furthermore 
some impure clays are found under thick coals, and some of high purity 
under thin ones. 

While T. C. Hopkins? expressed somewhat similar views to Wheeler, 
he suggested that organic acids reduce the iron and render it more 
soluble. If then seepage is away from the bog, the iron may be car- 
ried off, but if towards it the iron may be deposited in the bog as ore. 
This theory, however, does not explain the formation of fire-clays with 
little or no vegetable matter over them to supply organic acids. 

A somewhat distinct theory is that of Arber,* who thinks that the 
under-clays are marine and brackish water oozes laid down in estuaries, 
but this does not explain why they are found associated only with coal. 

Still a different theory is that of J. J. Stevenson, who regarded the 
fire-clays as the weathering products of rocks (residual soils) which had 
been washed into the coal swamps and deposited with humus.® 

It seems quite evident that few of these theories have appealed to 
many, and so others have appeared. 

A striking one is that proposed by W. Stout.® His idea, to endeavor 
to state it briefly, is that the fire-clays represent the mineral residue 
left by the oxidation of beds of vegetable matter. He points to what 
he regards as the constancy of composition of fire-clays at different 
horizons in the coal measures, and says that their SiOz : AloO3 ratio 


1Sec. Geol. Surv. Pa., Lawrence Co., 1878. 

2 Mo. Geol. Surv., XI, 1896. 

$ Amer. Geol., XXVIII, p. 47, 1901. 

4 Natural History of Coal, p. 91, 1912. 

®° Proc. Amer. Phil. Soe:, Ib, 1911; Ll)/1912* LIT 1913: 

° Trans. Amer. Ceram. Soc., IT, p. 557, and Ohio Geol. Surv., Bull. 26. 
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approaches that of kaolinite; furthermore, that the ash of pure coals 
shows a similarity in its percentage of kaolinite. The loss of a few 
per cent of fluxes in coal ash might in his opinion be easily caused by 
leaching. ‘To sum up he says that fire-clays “ were formed in swamps 
when plant remains underwent complete oxidation, and peat accumu- 
lated in those periods when vegetable tissue was present.’’ Hence 
according to him there was no break in plant growth, but an alternation 
of oxidation and coal-forming periods. He admits that some sediment 
may have been washed into the bogs. 

There seem to be several difficulties with this theory. In the first 
place it would call for a tremendous thickness of vegetation to yield 
a thick bed of fire-clay. Secondly, if the land was elevated, it is not 
quite clear why the plant ash would not be removed by erosion. Third, 
fire-clays can hardly be said to show such a wide-spread similarity in 
composition to kaolinite, and flint-clays often deviate appreciably 
from it. Fourth, it is not clear how wide-spread swamp conditions 
could exist with complete oxidation going on. Fifth, it would not 
account for stratified under-clays. Sixth, it seems difficult to explain 
the complete elimination of all organic matter from the clay. Seventh, 
if the theory is correct should not fire-clays occur under at least most 
coals? 

Lovejoy,! in seeking to find a satisfactory explanation, thinks that 
the vegetation of the coal basin formed at first a fringe around it, and 
also occupied islands within it, and that the fire-clay beds represent 
sediment washed out into the basin in advance of the encroaching vege- 
tation. The fire-clay sediment, according to Lovejoy, has gone through 
the swamp belt and been purified. Its flocculent nature has resulted 
in its slowly settling down without developing stratification. 

Of all the theories advanced, it seems to the author that Lovejoy’s 
comes nearest to being correct. There is no doubt that the waters 
of a coal plant swamp must have been rather strongly charged with 
organic acids, which might serve to purify the fine-grained sediment 
slowly filtering in to the basin. 

The nature of flint-clays is so different from the plastic ones as to 
call for some special explanation. While several authors have referred 
to them, perhaps the most detailed work is that of 5. L. Galpin,” who 
believed that the flint-clays were recrystallized fine sediments. He 
thought that they were deposited in colloidal form, and purified by 
CO2-bearing waters which transported them into the basins where they 


1 Jour. Amer. Ceram. Soc., VIII, p. 756, 1925. ; 
2 Studies of flint clays and their associates, Trans. Amer. Ceram. Soc., XIV, 


p. 301, 1912. 
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were deposited. After deposition as colloidal material, it is supposed 
that they were recrystallized into kaolinite and hydromica. 

The semi-flint Galpin considers to have been derived from flint-clay 
by pressure and heat, but this is difficult to understand, since the several 
types of clay may be so irregularly distributed in the one deposit. 


CLASSIFICATION OF CLAY DEPOSITS 


Clays may be classified according to their origin, chemical and physi- 
cal properties, or uses. To the geologist the first is, perhaps, the most 
important, to the technologist the second and third are of more interest. 

Several such classifications have appeared in the United States in the 
last few years, most of them based primarily on genetic features, and 
sometimes secondarily on the properties of the clay. They include the 
following: 


Orton’s classification.! 1. Kaolin. 
High-grade clays. a Spee 
(50 per cent or more kaolin) gL Oecd 
oe es 4. Fire-clay (hard). 
: 5. Fire-clay (plastic). 
6. Potter’s clay. 
1. Argillaceous shale— Paving-block. 
2. Ferruginous shale—Pressed brick. 
Low-grade clays. 3. Siliceous. clays—Sewer-pipe and 
(10 to 70 per cent kaolin with no-— Dave oe 
yas 4. Tile-clays. 
table per cent fluxing elements.) ; : 
5. Brick-clays. 
6. Calcareous shales—Brick. 


Quality is made the basis of division in the above. Nos. 1, 2, and 4 
of the first group are practically the same, and the subdivisions of group 
2 are not always distinct. The term kaolin is used incorrectly, kaolinite 
being intended instead. 


Wheeler’s classification.? 
1. Whiteware clays. 
Kaolin. 


China-clay. 
Ball-clay. 


* Ohio Geol. Surv., VII, p. 52. 
* Mo. Geol. Surv., XI, p. 25, 1897. 
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2. Refractory clays. 
Plastic fire-clay. 
Flint-clay. 
Refractory shale. 
3. Pottery-clays. 
4. Vitrifying clays. 
Paving-brick clay and shale. 
Sewer-pipe clay and shale. 
Roofing-tile clay and shale. 
5. Brick-clays. 
Common-brick clay and shale. 


Terra-cotta clay and shale. 
Drain-tile clay and shale. 


(o>) 


. Gumbo clays—Burnt-ballast clay. 


. Ship-clays. 


“J 


isis) 


The qualities or uses of the materials are here again employed as 


bases for subdivision. 


Such a classification is somewhat unsatisfactory, for the reason that 


one kind of clay might be used for several purposes. 


Ladd’s classification. 


Indigenous. 
A. Kaolins. 
(a) Superficial sheets. 
(b) Pockets. 
(c) Veins. 
Foreign or transported. 
A. Sedimentary. 
(a) Marine. 
1. Pelagic (deposited in deeper water). 
2. Littoral (deposited near shore). 
(b) Lacustrine (deposited in fresh-water lakes). 
(c) Stream. 
1. Flood-plain. 
2. Delta. 
B. Meta-sedimentary. 
C. Residual. 


D. Unassorted. 
1 Ga. Geol. Surv., Bull. 6 A, p. 12, 1898. 
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Under the Indigenous are included those clays formed by the decay 
of feldspar and other aluminous silicates in place. The Foreign or trans- 
ported embrace all sedimentary deposits. The meta-sedimentary clays 
are chemical products resulting from the decomposition of other trans- 
ported materials, such as volcanic tuffs, pumice, etc. The residual clays 
include the insoluble residue left by the dissolving of limestones, while 
under unassorted are included the glacial ones. 

The term kaolin, as here used, includes all residual clays, except those 
- derived from limestones, and, since it is not restricted to white-burning 
ones, its use is unfortunate. Furthermore, the placing of limestone resid- 
uals in a separate class seems a rather fine distinction. Delta clays 
hardly seem of sufficient importance to warrant being placed in a sep- 
arate class, and are rare. 


Buckley’s classification.! 


I. Residual derived from 
A. Granitic or Gneissoid Rocks. 
B. Basic igneous rocks. 
C. Limestone or dolomite. 
D. Slate or shale. 
E. Sandstone. 


II. Transported by 
A. Gravity assisted by water. 
Deposits near the heads and along the slopes of ravines. 
B. Ice. 
Deposits resulting mainly from the melting of the ice of 
the glacial epoch. 
C. Water. 
Marine. 
Lacustrine. 
Stream. 
D. Wind. 


Loess. 
E. Orton, Jr.’s classification. 
A. Primary or residual clays. 
I. Entirely decomposed feldspathic rock. 
Kaolin or china-clay. 


1 Wis. Geol. Surv., Bull. VII, Pt. I, p. 14. 
* Quoted by Beyer and Williams, Ia. Geol. Surv., XIV, p. 40, 1904. 
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II. Partially decomposed feldspathic rock. 
English Cornwall stone. 
Porzellanerde of the Germans. 

B. Secondary or transported clays. 
I. Deposited in still water. 
(a) Fire-clays. 
Highly refractory. 
Vlint fire-clay. 
Plastic fire-clay. 
Moderately refractory. 
No. 2 fire-clay. 
Stoneware-clay. 
Sewer-pipe clay. 
(b) Shales. 
Slaty shales. 
Bituminous shales. 
Clay shales. 
IJ. Deposited from running water. 
Alluvium. 
Sandy clay. 
Loam. 

III. Deposited by glacial action. 
Leached—Whitish or red bowlder clay. 
Unleached—Blue bowlder clay. 

IV. Deposited by winds. 

Loess. 
Grimsley and Grout’s classification.! 
I. Residual clays. 
1. Kaolin. 
2. China- or porcelain-clay. 
Il. Transported clays. 
A. Refractory (fluxing impurities low). 
3. Flint fire-clay. 
4, Plastic fire-clay. 


B. Semi-refractory clay (fluxing impurities medium). 


5. Paving-brick clay and shale. 
6. Sewer-pipe clay and shale. 
7. Roofing-tile clay and shale. 
8. Stoneware-clay and shale. 
1W. Va. Geol. Surv., Vol. III, p. 70, 1906. 
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C. Non-refractory (fluxing impurities high). 
9. Pottery clay. 

(a) Ball-clay. 
(b) Flower-pot clay. 

10. Brick- and tile-clay and shale. 
(a) Ornamental brick-clay and shale. 
(b) Terra-cotta clay and shale. 
(c) Ornamental tile-clay and shale. 
(d) Common-brick and tile-clay and shale. 

11. Gumbo ballast-clay. 

12. Slip-clay. 


Ries’ classification.—The following is a modification of a classifica- 
tion suggested by the writer some years ago:! 


A. Residual clays. Formed in place by rock alteration due to various 
agents, of either surface or deep-seated origin. 


I. Those formed by surface weathering, the processes involving 
solution, disintegration, or decomposition of silicates. 


(a) Kaolins, white in color and usually white burning. 


Parent Rock SHAPE 
Granite, Pegmatite, Blankets; tabular 
Rhyolite, Limestone, steeply dipping masses; 
Shale, Feldspathic pockets or lenses. 


Quartzite, Gneiss, 
Schist, ete. 
(b) Ferruginous clays, derived from different kinds of 
rocks. 


Il. White residual clays formed by the action of ascending waters 
possibly of igneous origin. 
(a) Formed by rising carbonated waters. 
(b) Formed by sulphate solutions. 


III. Residual clays formed by action of downward moving sul- 
phate solutions. 


IV. White residual clays formed by replacement, due to action of 
waters supposedly of meteoric origin (Indianaite). 


B. Colluvial clays, representing deposits formed by wash from the fore- 
going and of either refractory or non-refractory character. 


1 Md. Geol. Surv., IV, p. 265, 1902. 
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C. Transported clays. 
I. Deposited in water. 
(a) Marine clays or shales. Deposits often of great extent. 
White-burning clays. Ball-clays. 
Fire-clays or shales. Buff burning. 
Calcareous. 
Non-calcareous. 
(6) Lacustrine clays. (Deposited in lakes or swamps.) 
Fire-clays or shales. 
Impure clays or shales, red-burning. 
Calcareous clays, usually of surface character. 
(c) Flood-plain clays. 
Usually impure and sandy. 
(d) Estuarine clays. (Deposited in estuaries.) 
Mostly impure and finely laminated. 
(e) Delta clays. 
II. Glacial clays, found in the drift, and often stony. 
May be either red- or cream-burning. 


Impure clays or shales. 


Ill. Wind-formed deposits (some loess). 
IV. Chemical deposits. (Some flint-clays.) 


SECONDARY CHANGES IN Cray Deposits 


Changes often take place in clays subsequent to their deposition. 
These may be local or wide-spread, and in many cases either greatly 
improve the deposit or render it worthless. The marked effect of some of 
these changes is often well seen in some clay beds of which only a por- 
tion has been altered. These secondary changes are of two kinds, viz., 
mechanical and chemical. 


MECHANICAL CHANGES 


Tilting, folding, farilting.—In the uplifting of beds of clay or shale, 
subsequent to their deposition, the amount of elevation is rarely the same 
at all points over a large area, so that the beds frequently show a variable 
degree of tilting. If the uplift is accompanied by folding of the rocks, 
the dip of the beds may be quite steep. Thus, for example, the Cre- 
taceous and Tertiary clay-bearing formations of the Atlantic and Gulf 
coastal plain show a dip to the southeast and south respectively (Fig. 11), 
while the Devonian shales of southern New York dip to the south. 
At Golden, Colo. (Fig. 106), the beds of Cretaceous fire-clays often 
have a dip of as much as 90°. Beds of clay and shale sometimes show 
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folds or undulations. In the case of consolidated, or hard beds these 
may be due to lateral pressure, caused by movements in the earth’s 
crust, while in soft beds the cause is frequently local. Many clay 
deposits in the Northern States show a local folding caused by the shov- 
ing action of the ice-sheet during the glacial period! Such folds, how- 
ever, are of minor account and affect only a few beds. 

Where beds of clay are gently folded into arches (anticlinal folds), 
Fig. 14, and troughs (synclinal folds), each bed slopes or dips away from 
the axis of an anticlinal fold and towards the axis of a synclinal fold, but 
if followed parallel to the axis it will remain at the same level, provided 
the axis itself is horizontal. 

Where a bed is not sufficiently elastic to bend under pressure it 
breaks, and if, at the same time, the beds on opposite sides of the break 


Fic. 14.—Section of folded beds, with crest worn away, exposing different layers. 
(After Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 18, 1904.) 


slip past each other, faulting is said to occur. When the breaking sur- 
face or fault-plane is at a low angle one portion of the bed may be thrust 
over the other for some distance. In other cases the displacement may 
amount to but a few inches. Figs. 15 and 16 represent sections in 
faulted strata, and in these it will be noticed that every bed terminates 
abruptly at the fault-plane, its continuation on the other side being at a 
higher or lower level. Displacements of this type are somewhat rare in 
surface clays, and if occurring, the throw is not apt to exceed a few 
feet. Tn the shales of pre-Pleistocene age the amount of displacement is 
sometimes much greater. 

Both tilting and folding exert an important influence on the form and 
extent of the outcropping beds. Where no tilting has occurred, that is, 


1 See Hollick, Trans. N. Y. Acad. Sci., XIV, p. 8, 1894; Clapp, Bull. Geol. Soc. 
Amer., XVIII, p. 505, 1908; Meinegk sheet, Prussian Geol. Surv., 1906. 
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where the beds are flat, only one bed, the upper one of the section, will 
be exposed at the surface, where the latter is level (Fig. 17), and lower 


Fic. 15.—Section showing strata broken by fault planes of low inclination. (After 
Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 15, 1904.) 


beds will be exposed only where stream-valleys have been carved 
(Fig. 18). 
If the beds are tilted (Figs. 19 and 20) or folded, and the crests of the 


Fia. 16.—Strata broken by parallel fault planes. (After Ries, N. J. Geol. Sury., Fin. 
Rept., VI., p. 15, 1904.) 


folds worn off (Fig. 14), then the different beds will outcrop on the surface 
as parallel bands, whose width of outcrop will decrease with an increase 
in the amount of dip (Figs. 19 and 20). 
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Erosion.—All land areas are being constantly attacked by the 
weathering agents (frost, rain, etc.). The effect of this is to disintegrate 
the surface rocks and wash away the loose fragments and grains. ‘This 


Fra. 17.—Section of horizontal strata with only the top one exposed at the surface. 


brings about a general sculpturing of the surface, forming hills and 
valleys, the former representing those parts of the rock formations which 
have not yet been worn away. The effect of this is to cause phenomena 


4 


Fig. 18.—Horizontal beds, with several layers exposed by wearing down of the land 
surface. (After Ries, N. J. Geol. Surv., Fin. Rept., VI., p. 18, 1904.) 


or conditions which may at first sight appear puzzling, but are neverthe- 
less quite simple when the cause of them is understood. 
Let us take, for example, a section of horizontal clay beds which 


Fra. 19.—Seetion showing outcropping of tilted beds on a flat surface. 


originally covered an extensive area and were interstratified with sand 
beds. In Figs. 17 and 21, beds 1 and 3 may be taken to represent the 
clays. In Fig. 17 we have indicated the surface as it originally was, and in 
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Fig. 21 the outline as it appears after the land has been exposed to weath- 
ering and erosion for an extended period. Here we see that the upper 
bed is left only on the highest hills and has been removed over a large 


Fra. 20.—Section of vertical beds. The width of outcrop is the same as the actual 
width of the bed. (See also Fig. 106.) 


area, while No. 2 caps the smaller knolls, and No. 3 outcrops in the sides 
of the deeper valleys. Many small areas of clay thus represent all that is 
left of a formerly extensive bed. 


Fig. 21.—Horizontal beds with several layers exposed by erosion of the land surface. 


If the beds had a uniform dip, the conditions may be as indicated in 
Fig. 22. Here bed 1 appears at the summit of two hills, a and 6, but its 
rise carries it, if extended, above the summit of hill, c, which is capped by 


Fic. 22.—Inclined strata showing rise of the beds when followed up the dip. (After 
Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 19, 1904.) 


bed 2. If one did not know that the beds rose in that direction, it might 
be assumed that bed 1 passed into bed 2, because they are at the same 
level. This dipping of the layers, or beds, sometimes accounts for the 
great dissimilarity of beds at the same level in adjoining pits. 
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Where a bed of clay is found outcropping at the same level on two 
sides of a hill it is reasonable to assume that it probably extends from cne 
side to the other, but it is not safe to predict it with certainty, for, as has 
been mentioned above, clay beds may thin out within a short distance. 
Furthermore, the overlying material, or overburden, will become thicker 
towards the center or summit of the hill, so that even if present the clay 
may be economically unworkable (Fig. 23). 


Fic. 23.—Outerops of a clay bed on two sides of a hill, and probably extension into 
same. (After Ries, N. J. Geol. Surv., Fin. Rept., VI.) 


CHEMICAL CHANGES 


Nearly all clay deposits are frequently changed superficially, at least, 
by the weather or by percolating surface-waters. The changes are 
chiefly chemical and can be grouped under the following heads: 


Change of color. 
Leaching. 
Softening. 
Consolidation. 


Change of color.—Most clay outcrops which have been exposed to 
the weather for some time show various tints of yellow or brown. This 
coloration, or rather discoloration, is due to the oxidation, or rusting, 
of the iron oxide which the clay contains. This iron compound is usually 
found in the clay as an original constituent of some mineral, and rusts 
out as the result of weathering, so that the depth to which the weathering 
has penetrated the material can often be told by the color. The lower 
limit of this is commonly not only irregular, but the distance to which it 
extends from the surface depends on the character of the deposits, sandy 
open clays being affected to a greater depth than dense ones. The dis- 
coloration of a clay due to weathering does not always originate within 
the material itself, for in many instances, especially where the clay is 
open and porous, the water seeping into the clay may bring in the iron 
oxide from another layer, and distribute it irregularly through the lower 
clay. 
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The changes of color noticed in clay are not in every case to be taken 
as evidence of weathering, for in many instances the difference in color 
is due to differences in chemical composition. Many clays are colored 
black at one point by carbonaceous matter, whereas a short distance off 
the same bed may be white or light gray, due to a smaller quantity of 
carbonaceous material. In many of the Lower Cretaceous clays of New 
Jersey, for example, there is often a change from blue to red and white 
mottled, and from this into red clay. This is not the result of weather- 
ing, but is due to local variations in the iron-oxide contents of the 
different layers. 

Discoloration caused by weathering can usually be distinguished 
from differences in color of a primary character in that the former begins 
at the surface and works its way into the clay, penetrating to a greater 


Wash 


Vig. 24.—Section showing how weathering penetrates a clay bed, particularly along 
roots, joints and bedding planes. 


distance along planes of stratification or fissures, and even following 
plant-roots as shown in Fig. 24. 

Where the clay deposit outcrops on the top and side of a hill it does 
not follow that, because the whole cliff face is discolored, the weather will 
have penetrated to this level from the surface, but indicates simply that 
the weathering is working inward from all exposed surfaces. The over- 
burden often plays an important réle in the weathering of clay, for the 
greater its thickness the less will the clay under it be affected. This fact 
is one which the clay-worker probably often overlooks, and therefore 
does not appreciate the important bearing which it may have on the 
behavior of his material. Some unweathered clays crack badly in dry- 
ing or burning, but weathering seems to mellow and loosen them, as well 
as to increase their plasticity, so that the tendency to crack is sometimes 
either diminished or destroyed. If a clay which is being worked shows 
this tendency, it will be advisable to search for some part of the deposit 
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which is weathered, and if the clay is covered by a variable thickness of 
overburden, the most weathered part will be found usually under the 
thinnest stripping, as shown in Fig. 25. 

Leaching.—More or less surface-water seeps into all clays, and in 
some cases drains off at lower levels. Such waters contain small quan- 
tities of carbonic acid which readily dissolves some minerals, most prom- 
inent among them carbonate of lime. In some areas, therefore, where 
caleareous clays occur, it is not uncommon to find that the upper layers 
of the deposit contain less lime carbonate than the lower ones, due to this 
solvent action of the percolating waters, and residual clays from lime- 
stone contain little or no lime carbonate. 

Waters containing carbonic and organic acids at times leach out the 
iron from at least the upper portion of a clay deposit. 


-Yellow Clay 


“= Blue Clay 


Fic. 25.—Section showing weathered (yellow) clay where the overburden is least. 


Softening.—Most weathering processes break up the clay deposits, 
either by disintegration or by leaching out some soluble constituents 
that served as a bonding or cementing material, thus mellowing the out- 
crop, and many manufacturers recognize the beneficial effect which 
weathering has on their clay. They consequently sometimes spread it 
on the ground after it is mined and allow it to slake for several months 
or, In some cases, several years. The effect of this is to disintegrate 
thoroughly the clay, render it more plastic, and break up many injurious 
minerals, such as pyrite. Although mentioned under Chemical Changes, 
it will be seen that the process of softening is partly a physical one. 

Consolidation.—This change is found to have taken place in a few 
deposits, and is due to the formation of limonite crusts in the clay. At 
times these may form at a few points in the deposit, or only along 
certain layers, but in other instances they have originated in all parts 
of the mass, both along the stratification-planes, as well as in every joint 
or crack. They thus permeate the clay deposit with such a network of 
rusty, sandstone-like lumps, nodules, and strips as to seriously interfere 


with the digging of the clay, and requiring powerful machinery to break 
up the hard parts. 
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Concretions.—These bodies of foreign matter, often of spherical, 
lenticular, or rosette-like form, are very abundant in some clays (and 
shales). They may occur singly, or in rows along the bedding planes. 
When flattened, the flattening is commonly parallel with the stratifica- 
tion. 

Concretions vary in size from small pebbly bodies to occasionally 
very large ones weighing several hundred pounds (Figs. 27, 28). Among 
the materials forming them, hydrous iron oxide, siderite and pyrite are 
not uncommon, the last two sometimes altered in part at least to the 
first. In many calcareous clays concretions (Fig. 28), consisting largely 
of lime carbonate are abundant. In others, notably residual ones, chert 
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Fria. 26.—Section showing occurrence of concretions in certain layers. 


concretions occur, and these in some instances represent bodies that 
were present in the parent rock, while in other cases they appear to have 
formed during weathering. Gypsum, barite, and lime phosphate are 
also found in concretionary masses. 

Formation of shale-——Many sedimentary clays, specially those of 
marine origin, after their formation are covered up by many hundred feet 
of other sediments, due to continued deposition on a sinking ocean bot- 
tom. It will be easily understood that the weight of this great thickness 
of overlying sediment will tend to consolidate the clay by pressure, con- 
verting it into a firm rock-like mass, termed shale. That the cohesion 
of the particles is due mostly to pressure alone is evidenced by the fact 
that grinding the shale and mixing it with water will develop as much 
plasticity as is found in many surface clays. An additional hardening 
has, however, taken place in many shales, due to the deposition of min- 
eral matter around the grains, as a result of which they become more 
firmly bound together. 

In regions where mountain-making processes have been active and 
folding of the rocks has taken place, heat and pressure have been devel- 
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oped, and the effect of this has sometimes been to transform or meta- 
morphose the shale into slate or even mica-schist (when the meta- 
morphism is intense), both of which are devoid of any plasticity when 
ground. The shales utilized for clay products in different parts of the 
country show a wide variation in their plasticity. Those of the Carbon- 
iferous, much used in the Central States, are often highly plastic, while 


Bia. 27.—Clay bank showing carbonate of iron concretions, Reynolds ore bank, 
Anne Arundel County, Md. (Md. Geol. Surv., IV, 1902.) 


the red shales of the Triassic formation of New Jersey are in most cases 
consolidated sandy clay, but, with one exception, all those examined 
are of poor plasticity and very low fusibility. The Hudson River slates, 
found over a large area of New Jersey, New York, and Pennsylvania, 


owe their low plasticity partly to a slight metamorphism, and partly to 
the deposition of cement around the grains. 
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Geologic age cannot be used as a guide towards determining whether 
the beds of a formation are hard or soft. The Cretaceous of the Atlantic 
coastal plain contains soft plastic clays, while that of the Rocky Moun- 
tain district carries shales which are hard and sometimes flinty in their 
character. 

Some shales which are of no value for clay products in their fresh 


Fia. 28.—Clay concretions (N. J. Geol. Surv., Fin. Rept., VI, 1904.) 


condition, become workable if they have undergone a relatively slight 
amount of weathering. 


PROSPECTING FOR CLAYS 


A knowledge of the facts given in Chapter I will, if borne in mind, 
be of much aid to the clay-worker in prospecting for clays, but several 
additional points may be mentioned by which beds of clay may be 


located. 
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Outcrops.—The presence of a clay-bed is usually detected by means 
of an outcrop. These exposures are commonly to be found on inclined 
surfaces, such as hilltops, or where natural or artificial cuts have been 
made. The washing out of gullies by heavy rains, the cutting of a 
stream valley, railroad or wagon-road cuts, all form good places in 


Fic. 29.—Formation of spring due to subsurface water following a clay bed. 


which to look for outcropping clay-beds. The newer the cut the better 
the exposure, for the sides of such excavations wash down rapidly, and 
a muddy-red surface-clay or loam will often run down over a bed of 
lighter colored clay beneath so as to completely hide it from view. If 
the cut is deep and freshly made the depth of weathering can frequently 
be determined. 

Springs.—In many cases the presence of clay is shown by the occur- 
rence of one or more springs issuing from the same level along some 


> +3,2 = Loose 
sand 


» Cemented 
sand 


its 


J. 
oo 


ve 


Fic, 30,—Formation of spring due to layer of cemented sand. 


hill-slope. These are caused by waters seeping down from the surface 
(Fig. 29) until they reach the top of some impervious clay stratum, 
which they then follow to the face of the bank where they issue. The 
presence of springs, however, cannot be used as a positive indication of 


clay, for a bed of cemented iron sand, or even dense silt, may produce the 
same effect (Fig. 30). 
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Ponds.—In many regions covered by glacial drift, pools of water are 
often retained in depressions, because of the presence below of a water- 
tight bed of clay (Fig. 31). It does not necessarily indicate a thick 
deposit, for a very thin layer often holds up a considerable body of water. 
Such ponds may likewise in rarer instances be caused by ground-water 
seeping down from higher levels, even in the absence of clay. 


Fria. 31.—Formation of a pond due to a clay-bed beneath a depression. 


Vegetation.—Clay-deposits in some areas produce a different type 
of plant growth from other soils, but the character of the vegetation 
can only be used as a subordinate aid in the search of clay. 


EXPLOITATION OF CLAY-DEPOSITS 


The location of a clay-deposit is followed by a determination of 
its thickness, extent, character, and uses. The first two points and some 
facts bearing on the third are determined in the field; the behavior of 
the clay when mixed up and burned is found out by tests made in the 
laboratory or at some factory, and the information thus obtained indi- 
cates the commercial value of the material. 

To determine the thickness and extent of the deposit a careful 
examination should be made of all clay outcrops in neighboring gullies, 
or other cuts on the property having the clay. Since, however, most 
clay-slopes wash down easily, it may be necessary to dig ditches from 
the top to the bottom of the cut or hillside in order to uncover the undis- 
turbed clay-beds. In most cases, however, the cuts are not sufficiently 
close together and additional means have to be taken to determine 
the thickness of the deposit at intermediate points. Such data are 
sometimes obtainable from wells or excavations made for deep cellars, 
but the information thus obtained has to be taken on hearsay. Borings 
made with an auger furnish a more satisfactory and rapid means of 
determining the thickness of the clay-deposit away from the outcrop. 
A post-hole auger, cutting a hole of three to four inches diameter, can 
easily be used to a depth of 30 or 40 feet, while one of two inches diameter 
can be sunk to 100 feet without much difficulty. 

- From comparison of the data obtained from the bore-holes and 
outcrops, any vertical or horizontal variations in the deposit can usually 
be traced. Limonite concretions or crusts, if present in any abundance, 
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are almost sure to be discovered, and even the dryness of the beds can be 
ascertained. Variations in the thickness of the bed and amount of 
stripping are also determinable. If small samples are desired for labora- 
tory testing these can be taken from the outcrops and bore-holes, but if 
large samples are wanted from the intermediate points it is best to sink 
test-pits where the borings were made. 

In some regions the clay-miners make use of an auger to guide them 
in their digging operations, this being often necessary on account of 
the rapid variations that may occur in any one deposit. 


BakED CLAY AND SHALE 


The baking of clay or shale due to the heat produced by burning 
coal beds has been noted by a number of writers,! and some German 
geologists have called this baked product Porzellanit and Porzellanjaspis 
(see Zirkel below). 

In places sufficient heat has been generated to bake the shale to a 
pink, red, purplish red, or even mottled mass, which is hard, and shows 
a splintery or conchoidal fracture. Some specimens resemble jasper. 
Occasionally the shale or clay may be more affected locally and develop 
a vitrified or even slaggy mass. When the last named has cooled slowly, 
a recrystallization may take place, and various minerals form. Among 
those which have been identified we find plagioclase, diopside, magnetite, 
hematite, garnet and sillimanite. Spherulitie structures have also been 
observed. The coal associated with the baking of the shale is mostly 
bituminous or subbituminous, and the burning of the latter may be due 
to spontaneous combustion or oxidation of pyrite, although other causes 
have been suggested. (Rogers.) 

As the burning goes on the overburden slumps down. One ease is 
cited where the burning extended in 500 feet from the outcrop (Bastin) 
but usually it is never over 200 or 300 feet if the cover is more than 50 
or 100 feet and the outcrop fairly straight. (Rogers.) The beds under 
the coal are not affected. 


1 Allen, J. A., Proc. Bost. Soc. Nat. Hist., XVI, p. 246; 1874; Bastin, E. S., 
Jour. Geol., XIII, p. 408, 1905; Collier, A. J., and Smith, C. D., U.S. Geol. Surv. 
Bull. 341, p. 45, 1909; Dawson, G. M., Rept. on Geol. and Res. of region in vicinity 
of 49th par., p. 164-169, Montreal, 1875; Hayden, F. V., Geol. Rept. of exploration of 
the Yellowstone and Missouri Rivers, pp. 56-103, 1869; Hibsch, J. E., Min. Pet. 
Mitt., XX VII, p. 35, 1908; Leonard, A. G., N. Dak. Geol. Surv., 4th Bien. Rept., p. 
79, 1906; Lewis, M., and Clark, W., History of Expedition under the command of 
Lewis and Clark, I, p. 180, 189, 1814. Phila.; Rogers, G. 8., U. 8. Geol. Surv., Prof. 
Pap. 108, p. 1, 1918; Zirkel, Lehrbuch der Petrographie, III, p. 775, 1894. 


BAKED CLAY Dl 
Two analyses of baked shale are given below. 


ANALYSES OF BAKED SHALE FROM Fort Union Formation, 


Montana. 
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I. Sandy shale, partly baked, Upper Tongue River, T.9S.,R.40E. The slag showed diopside 
and plagioclase. 

II. Clay shale, T. 1N., R. 36 E. Moderately baked. The slag from this showed sillimanite, 
cordierite and probably spinel. (G. S. Rogers, Analyst.) 


CHAPTER II 
MINERALS IN CLAY 


Introductory—The complex mineralogical character of clay has 
been referred to on an earlier page, and a microscopic examination or 
chemical analysis of a few impure clays will convince one of this fact. 

Nevertheless the statement is often made in print that clay is a 
hydrated silicate of alumina having the formula AlsO3-2Si02-2H20, con- 
sequently of definite chemical composition and with a formula corre- 
sponding to that of the mineral kaolinite. 

That this explanation is clearly improbable can be seen by examin- 
ing any series of clay analyses, few of which will reduce to such a formula. 

Equally sweeping and incorrect is the statement that kaolinite is 
the basis of all clays, and that they are therefore to be regarded as a 
mixture of kaolinite with other minerals. 

Many clays no doubt contain a variable amount of kaolinite,' but 
there are others, consisting almost entirely of silica, alumina, and water, 
which clearly do not correspond to the formula of the mineral above 
mentioned (see Halloysite), and in impure clays it becomes a matter 
of some difficulty to prove beyond a doubt whether the hydrous alumi- 
num silicate present is kaolinite or some other mineral.2, We may even 
express reasonable doubt regarding the necessary presence of kaolinite 
for the development of plastic qualities in the mass. 

Microscopic examination.—The identification of minerals in clay 
is not without difficulty for the obvious reason that the grains are so 
small and must often be studied with the highest powers of the micro- 
scope. [Even so there are many extremely minute particles whose iden- 
tification, with certainty at least, is practically impossible. There is 
moreover a variable amount of colloidal matter. (See Colloids under 
Plasticity.) 

The petrographic work which has been done on clay, consists in part 
of investigations of a general character, of which a number have been 
published, and in part of special investigations. References to a num- 


* Kaolins of commerce and ball clays. 


* This fact has also been emphasized by G. P. Merrill, Non-metallic Minerals, 
p. 217, 1904. 
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ber of the former are given below,' while the latter are mostly referred 
to under the special minerals to which they relate. 

While the microscopic examination of clays has usually been made 
on the powdered material using either the petrographic microscope 
or index liquids,” a method more recently employed has been to soak the 
clay in some hardening medium and then section it.® 

Preparation of thin sections.—The method consists in placing a chip 
of the material to be sectioned on a hot electric plate, with a fragment 
of hard kollolith on top of it; or the fragment can be placed face down- 
ward in a small metal dish containing kollolith. “The capillary force 
will cause the melted kollolith to penetrate throughout the specimen if 
the pores are large. The whole operation will not take over 15 minutes 
and grinding may be begun as soon as the chip is cooled.” ‘It is 
best to maintain a temperature of 150° to 170° for impregnating porous 
materials with melted kollolith.” 

“ Fine-grained compact materials may not absorb the melted kollo- 
lith which is rather viscous, and then a solvent must be used to thin it 
and carry it into the minute pores of the rock. For this purpose the 
kollolith dissolved in xylol that comes ready prepared may be used, or 
the hard kollolith may be used and a little fresh xylol added.” ‘“ The 
xylol-kollolith solution may be applied directly to the upper surface of 
the heated chip or it may be placed in a metal dish containing the solu- 
tion.” The specimens are heated for an hour or more to drive off the 
excess xylol. 

Since shales and clays contain minerals that soften or swell on con- 
tact with water, no water can be used in the grinding. 


1G. Hickling, The Microscopic character of China clay, Jour. Soc. Dyers and 
Colorists, XX XI, p. 70, 1915; W. J. McCaughey, The Mineralogical Examination 
of Clays, Trans. Amer. Ceram. Soc., XV, p. 322, 1913; H. G. Schurecht, The Micro- 
scopic Examination of the Mineral constituents of some American Clays, Jour. 
Amer. Ceram. Soc., V, p. 3, 1922; Anon., Blue and Black Ball Clays under the 
microscope, Pot. Gaz., XLII, p. 892, 1917; Bertrand, L. and Lanquine, A., Cer., 
XXYV, p. 97, 1922, also Compt. rend., CLXIX, p. 1171-4, 1919; Bertrand, L., The 
use of the Petrographic Microscope in Ceramics to examine the structure of clay in 
the raw and fired state, Ceramique, X XVI, p. 180-94, 1923; Bertrand, L., Micro- 
graphic examination of the Structure of Clays, Récherces et inventions, IV, p. 825- 
33, 841-51, 1923; Coon, J. M., Chem. Age (London), VIII, No. 209, China Clay, 
Trade Review, Sec. 8, 15, 1923; McCaughey, W. J., and Fry, W. H., U. 8. Bur. 
Soils, Bull. 91; McCaughey, W. J., Mineralogical Soil Analysis, Jour. Ind. Eng., 
Chem., V, p. 562; Ross and Shannon, Jour. Amer. Ceram. Soc., EX, p. 77, 1926; 
Fry, W. H., Econ. Geol., X, p. 292, 1915; Cayeux, L., Roches Sédimentaires, 1916. 

2 Staining may also yield information. See Steinhoff, E., and Hartman, F., 
Stahl u. Eisen, XLV, p. 337, 1925. 

3 Ross, C. S., Econ, Geol., X XI, p. 454, 1926. 
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The rough grinding is done on emery or carborundum paper. The 
final grinding is done with oil on a carborundum hone, or the flat side 
of a fine-grained carborundum wheel. The liquid for hand grinding is 
a mineral medicinal oil such as nujol. 

Ultramicroscope.—A second possible line of attack is with the ultra- 
microscope, and is one which offers interesting possibilities, but which 
has been little tried. 

Some interesting results in this field have been obtained by Alexan- 
der,! who studied a series of high grade clays, and estimated the relative 
amount and size of colloidal particles present, the latter property being 
based on the brightness of their diffraction images and the nature of their 
motion. 

He points out that the motion of some colloidal particles is hampered, 
meaning that they acted as though some crystalloid salt or other coagu- 
lant was present. This the author terms crystalloidisis. 

Dehydration curve.—A third possible line of study, is by use of a 
heating curve,” it being well known that if clay or hydrous aluminum 
silicates are heated through a range of temperature from 100°-1000° C., 
that the loss curve instead of being straight, may show a terrace at those 
points where endothermic reactions occur, and humps to indicate 
exothermic reactions. : 

This method of examination is interesting, but is of restricted value 
unless one can be sure that the material examined is pure. 

X-Ray examination.—Tlinally the study of clays with the X-ray 
apparatus, shows promise of becoming important.® 

Minerals recorded.—The number of different minerals present in 
a clay is often no doubt large and depends partly on the mineralogical 
composition of the rock or rocks from which the clay has been derived, 
and partly on the extent to which the mineral grains in the clay have 
been destroyed by weathering; but in any case the identification of 
mineral species is rendered rather difficult, chiefly because of the extreme 
fineness of the grains, and partly because these are often surrounded 
by decomposition products. 

More attention has been given to the mineralogy of soils than of clays, 


1 Jour. Amer. Ceram. Soc., III, p. 621, 1920; see also Fry, W. H., The Micro- 
scopic Estimation of Colloids in Soil Separates, Jour. Agric. Research, XXTV, 879, 
1923. 

>See Mellor, J. W., Trans. Ceram. Soc. (Eng.), XVI, p. 72, 1917. See also 
under Dehydration. 

*See Hadding, A., Trans. Ceram. Soc. (Eng.), XXIV, p. 27, 1925; Navias, 
L., and Davey, W. P., Jour. Amer. Ceram. Soc., VIII, p. 640, 1925; Schwartz, R., 
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Keram. Rund., XXXII, p. 538, 1924; Jour. Soc. Glass. Tech., VIII, p. 298. 
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but since the former are in many cases nothing more than surface clays, 
what is true of the one is more or less so of the other. 

Chamberlin and Salisbury,! in studying the residuals of the Wis- 
consin driftless area, were able to identify such minerals as plagio- 
clase, orthoclase, biotite, muscovite, hornblende, augite, magnetite, 
and quartz, while Ladd, in studying the Georgia Cretaceous clays,” 
has noted kaolinite, feldspar, quartz, muscovite, biotite, magnetite, 
titanite, limonite, calcite, and prochlorite. In the Wisconsin materials 
Buckley * records finding quartz, feldspar, mica, calcite, dolomite, and 
iron oxide. The Leda clays of Canada* show quartz, orthoclase, 
plagioclase, mica, tourmaline, pyroxene, chlorite, and hornblende. 

In the study of soils perhaps the largest number of species have been 
determined by Delage and Lagatu,® who include in their list calcite, 
quartz, biotite, muscovite, sericite, orthoclase, oligoclase, zircon, tour- 
maline, amphibole, apatite, andalusite, titanite, microcline, limonite, 
hematite, chlorite, augite, etc. 

The work of R. E. Somers on a series of high-grade clays ® has 
brought out the interesting fact that hydromica is widely distributed 
in them, and in many cases is as abundant or more so than the recog- 
nizable kaolinite. Four other widely distributed minerals are quartz, 
rutile, zircon and tourmaline. 

A number of hydrous aluminum silicates, which some term the 
“clay minerals,”’ have been described, but it may be questioned whether 
they are all valid species. 

Ross and Shannon” state “that the study of bentonite and some 
other related clays seem to indicate that the clay minerals are few in 
number and that each is a single definite chemical compound of simple 
type rather than an isomorphous mixture of two or more dissimilar end 
members.” Pure clays, which they studied, were composed of one of 
the following five distinct clay minerals, two of which have been found 
in bentonite and the other three in non-bentonitic clays. The five are: 
Montmorillonite, beidellite, micaceous halloysite, amorphous halloysite, 


1U.S. Geol. Sury., 6th Ann. Rept., 245. 

2 Amer. Geol., XXIII, p. 240, 1899. 

3 Wis. Geol. and Nat. Hist. Surv., Bull. VII, Pt. I. 

4 Merrill, Rocks, Rock-weathering, and Soils, p. 335. 

5 Ann. de l’école nationale d’agriculture de Montpellier, VI, pp. 200-220, 1905; 
also Comptes rend., CXX XIX, p. 1044, 1904. See also I’. Steinriede, Anleitung zur 
mineralogischen Bodenanalyse, Halle, 1889; Dumont, Compt. rend., CXL, p. 1111, 
1905; Tebier, ibid., CVIII, p. 1071, 1889; and Cameron and Bell, Bur. of Soils, 
Bull. 30, p. 11, 1905, and Bull. 22, p. 12, 1903. 

6 U.S. Geol. Surv., Bull. 708, p. 292, 1922, also Jour. Wash. Acad. Sci., IX, 1919. 


7 Jour. Amer. Ceram. Soc., IX, p. 87, 1926. 
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£ 
and kaolinite. It will be interesting to see if this statement holds 
true. | ; 
H. Stremme! has published a long series of articles on the clay 
minerals, but the results are based on chemical instead of petrographic 
work. 


Hyprous ALUMINUM SILICATES 


Kaolinite—This mineral is a hydrated silicate of alumina, reprem 
sented by the formula AlgO3-2SiO2-2H20, which corresponds to a 


Fic. 32.—Photo-micrograph of kaolinite. (After Merrill, Non-metallic Minerals.) 


composition of Silica (SiOz), 46.3 per cent; Alumina (Al2Os3), 39.8 per 
cent; Water (H2O), 13.9 per cent. It is a white, pearly mineral, erystal- 
lizing in the monoclinic system, the crystals presenting the form of small 
hexagonal plates (Fig. 32) with a hardness of 2-2.5 and a specifie gravity 


of 2.2-2.6. It is naturally white in color, and a mass of it is plastic 
when wet, but very slightly so. 


1 Sprechsaal, XLVII, pp. 145-7, 163-6, 181-3, 201-3, 215-8, 233-5, 251-3, 269-70 
283-5, 302-4. 
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The name kaolinite was suggested by 8. W. Johnson and J. M. 
Blake,’ who expressed the opinion that minerals variously named as 
pholerite, nacrite, steinmark and kaolin really belong to one mineral 
species with definite chemical and physical properties. They proposed 
the name kaolinite because “ kaolin furnishes it most commonly and 
abundantly.” 

It has naturally been assumed by most writers that kaolinite was a 
widely distributed mineral in clays, but when we come to sift the evi- 
dence of its presence comparatively little is to be found. 

A microscopic examination even 
of the white clays free from impuri- 
ties rarely reveals the presence of the 
hexagonal kaolinite scales, although 
the little vermiculite-like bunches 
of plates of this mineral may be 
present (Fig. 33); but still even 
these are rarely seen in the more 
impure clays, and the theory of the 
universal presence of kaolinite in 
clay is probably traceable to the 
fact that many white clays, after 
having the sand washed out, often 
2p proach kaolinite in composi- Fig. 33.—Photo-micrograph of parti- 
tion.” cles of washed kaolin. (After Rieke, 

Many kaolins show the bunches Sprechsaal, XL, p. 33, 1907.) 
of kaolinite plates referred to above, 
and the separation of these by grinding was said by Cook ® to increase 
the plasticity. 

Staining appears in some cases to have more clearly shown the 
structure of the kaolinite plates, for Rieke,* in describing some crystal- 
line kaolinite from Hirschau, Bavaria, showed that the crystals stained 
with methylene blue, are lamellar and exhibit a zonal structure parallel 
to the edges. Very thin flakes were also found as well as fragments of 
spherical particles. The former showed distinctly a porous structure, 
and analysis proved them to be practically identical with kaolinite. 

As pointed out by Galpin,® the fans frequently show ribs or plates 
of higher index and birefringence intergrown with those of kaolinite, 


1 On Kaolinite and Pholerite, Amer. Jour. Sci. (2), XLII, p. 351-361 and 405-406. 
2H. Ries, Ala. Geol. Survey, Bull. 6, p. 41, 1900. 

3 Clays of New Jersey, N. J. Geol. Surv., 1878. 

4 Sprechsaal, XL, p. 33. 

5 Trans. Amer. Ceram. Soc., XIV, p. 307, 1912. 
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and he adds that “‘ these ribs show practically every grade of variation 
between kaolinite and muscovite.” 

A similar condition had been previously described by Hickling,1 
as a result of which he argued that muscovite represents a transition 
stage in the weathering of feldspar to kaolinite. Selle? has noted the 
same thing. Somers? observed the occurrence of good “fans”’ in clays 
from Perry, Ga., Bynum, Ala., and Bauxite, Ark., while good examples 
of vermiculites were seen in some of the white Cretaceous clays of 
Georgia and South Carolina. C. E. Miller has noted a great abundance 
of fans of kaolinite in sandy residues from washed North Carolina 
kaolins.* 

These fan-shaped bundles have however been noted by a number 
of other observers.® 

The white clays from Edgar, Fla., and Langley and Aiken, 8. Caro- 
lina, exhibit large single flakes of kaolinite. 

Optical and crystallographic properties.—Crystals of kaolinite are 
rather rare. They have been noted by H. Reusch from the National 
Belle Mine, Red Mountain, Colo.,® by A. B. Dick from Anglesey,’ as well 
as by several others.® 

The optical properties of kaolinite have been given by several dif- 
ferent investigators. 

Reusch,® reported the crystals from Colorado to be (orthorhombic). 

A. B. Dick !° regarded the kaolinite from Anglesey as monoclinic, 
and Miers! after examining the material confirmed this view. The 
optical properties given by them are: axial angle 8 = 83° 11’,a:b:c= 


1 Trans. Inst. Min. Engrs. (Eng.), XX XVI, p. 10, 1908-9. 

2 Chem. Centralb., 1908, XI, 1903. 

3U.S. Geol. Survey, Bull. 708, p. 296, 1921. 

4 Personal communication, 

> Johnson and Blake, A. J. S., 1, XLII, pp. 351 to 361, and 405-406; Merrill, 
Non-metallic Minerals; Reusch, Neues Jahrb. Min., 1887, II, p. 70; Rieke, Sprech- 
saal, XL, p. 34, 1907; Cook, N. J. Geol. Surv., Clays, 1878, p. 280; Mellor, Trans. 
Eng. Ceram. Soc., VIII, 1908-9; Ries, Md. Geol. Surv., IV, Pt. III, p. 250, 1902. 

® Neues Jahrb. Min., 1887, IT, p. 70; also L. Milch, Centralbl. Min. Geol., 1908, 
1-3. 

7 Min. Mag., 1876, VIII, p. 15. 

SSafarik, B6hm, Ges. Wiss., 16th Feb., 1870; Knap, Neues Jahrb. Min., ete. 
1859, p. 595; Johnson and Blake, Amer. Jour. Sci., ii, XLII, pp. 351 and 867; Ehren- 
berg, Pogg. Annal, XX XIX, p. 104; v. Fritsch, Tonind. Zeit., 1881, p. 371; Butler, 
Min. Mag., XVI, No. 73; Schaller and Bailey, Jour. Wash. Acad. Sci., VI, p. 67-68, 
1916. 

® Neues Jahrb. Min., 1887, Bd., II, p. 70. 

10 Min. Mag., VIII, 1888 (1889). 

11 Min. Mag., XV, p. 124, 1908. 
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5748 +1: 5997. Dick gives the mean refractive index for sodium 
light as 1.563, and found the Anglesey material to be positive. 2V = 
about 68°. Dispersion feeble. On biaxial plane, y — 6 = .004; on 
plane of symmetry, 8B — a = .002. 

He expressed the opinion that the statement in many books that 
kaolinite is negative appears to be based on A. Des Cloizeaux’s ! exam- 
ination of varieties of pholerite and nacrite, when he observed through 
the basal cleavages, a wide-angled negative bisectrix. 

Dick reports that a nacrite from Freiberg, Saxony, had the same 
composition, hardness, gravity, and index as the Anglesey material, but 
was optically negative with the acute bisectrix practically normal 
to the cleavage and 2H = 103° approximately, hence 2V = 60°. He 
concluded that there were two varieties of kaolinite, a positive and a 
negative, the former more common and better crystallized. 

KE. Kaiser ? gives the refractive index of kaolinite as between 1.551 
and 1.559 with a double refraction of .005—.006. 

Larsen * gives the properties as: Biaxial, positive. aw=1.561; B= 
1.563; y = 1.567. 2V large; p<v perceptible; Z = 6b, YAa = 11°. 

The low index of refraction and low birefringence help to distinguish 
it from other micaceous minerals. 

Formula of kaolinite*—The two following analyses represent the 
composition of pretty pure kaolinite from I, Anglesey, and II, Red 
Mountain, Colorado. 


These analyses correspond closely to the formula, 
HuAloSi20o, or SiOz, 46.5; Al2O3, 39.5; He2O, 14 per cent. 
The chemical constitution of the kaolinite molecule, has been vari- 


1 Manuel de Mineralogie, 1862, Vol. I, p. 190, 549. 

2 Neues Jahrb., 1907, Bd. II, p. 42-64. 

8 Personal communication, March, 1927. 

4 Mellor ard Holdcroft, Trans. Ceram. Soc. (Eng.), X, p. 94, 1911, and XI, p. 169, 
1912. Also J. A. Howe, Handbook to collection of Kaolin, etc., Museum Prac. 


Geology, London, 1914. 
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ously written by different writers, the results being summarized as 
follows: 


Bawe Clarke and ie Ganviohan 
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J. W. Mellor and A. D. Holderoft. 


HO O-Si0 
SA So 
HO” > ox 0-80 (8) 
HO HO 
Y. V. Samoilovy. pe 
CN OH 
O=8iC DiC (9) 
O—0—AKK \oH 
OH 


Effect of heat on kaolinite ——Kaolinite loses water and becomes more 
soluble in acids on heating to redness, but heating to a white heat makes 
it resistant to acids. 

C. W. Kanolt gives the melting point of kaolin as 1740° C.1 

Dehydration.—It is somewhat difficult to obtain a sufficiently large 
quantity of pure kaolinite for testing, and so most of the recorded tests 
have been made on samples of kaolin (usually washed) which closely 
approached kaolinite in composition. 

The following tests are given by E, A, Wiilfing.? 


DEHYDRATION TEsts oF KAoLInITE. (Wiilfing) 


Kaolinite Steinmark 
Loss of weight from 
Znaym | China | Passau Rochlitz 
Mom OSes 43 AT 1.30 85 
108 °-250° 22 SPA iL Onl .28 
250°-350° 24 27 .85 34 
350°-500° 9.75 WL. WS) 9.92 12.07 
Over 500° C. 1.97 i 70 1.74 1.59 
108°—Red heat 12.18 113}. Bi 13.52 14.28 


J. W. Mellor and A. D. Holderoft,® concluded from figures given 
below that there is no definite temperature of dehydration of either china- 
clay or kaolinite crystals. 


1U.S. Bur. Stand. Technol. Paper, No. 10, 1912. 

2 Jahresb. Ver. vaterl. Naturk. Wiirtt., 1900, I; quoted in Doelter’s Handbuch 
der Mineralchemie, 2, II, p. 83. 

3 Trans. Ceram. Soc. (Eng.), XI, p. 169, 1911-12. 
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Loss on ignition of china-clay and kaolinite crystals when heated for 
one hour at different temperatures are shown below: 


DEHYDRATION TESTS OF CHINA-CLAY AND KAOLINITE. 
(Mellor and Holdcroft) 


China-clay Butler’s Kaolinite 
Tempera- 
ture Vacuum |Atmospheric] Vacuum |Atmospheric 
Pressure Pressure 
300° C. 24 26 1.66 1.82 
400 .89 -Ol 170 1.91 
425 1.48 68 1.80 
450 3.38 80 PP 
500 8.48 iL dllig) 4.96 2.41 
BSOT | sj reieesere-c lll Mecayeker eects 8.20 6.00 
GOO rk ere crn: 11.92 LOS 10.88 
Loss on ign. 12.64 15.94 


According to 8. Satoh,! who made a study of the heating and cooling 
curves of Japanese kaolinite, this showed changes at about 600° C. and 
at 900°-1000° C. where it became isotropic, granular at 1250°-1300° C., 
and developed “ sillimanite’”’ near 1400°C. Satoh points out an 
endothermal reaction from 450° to 700° C., an exothermic near 950°, 
and another one at 1200° to 13800°C. The differential heating and 
cooling curves were plotted with quartz sand as a comparison substance, 
on which account they have been criticized by E. W. Washburn, because 
of Satoh’s neglect to consider the endothermal change of quartz from the 
a to the B form at 575° C. 

An exothermic change was noted by LeChatelier about 925°, and 
also by Ashley,” while Mellor and Holdcroft * placed it at about 900° C. 

The last named authors also concluded from their experiments that 
above 500° kaolinite dissociates into free alumina, free silica and water, 
the exothermic change noted by them at 900° being possibly a physical 
change in the alumina. 

Sokoloff,* agreed with Mellor and Holdcroft, his conclusions being 
based on solubility in hydrochloric acid of clays heated to various 
temperatures. 

? Jour. Amer. Ceram. Soc., IV, p. 182, 1921. 
* Jour. Ind. Eng. Chem., III, p. 91-5, 1910. 


* Trans. Ceram. Soc. (Eng.), X, p. 94-120. 
“Tonind. Zeit., XXXVI, p. 1107-1111. 
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Various authors have commented on the loss of combined water 
within a certain temperature range, and have recorded different endo- 
thermic ranges. 

Brown and Montgomery ! state that the bulk of the water is driven 
off at 450° C., the action being slow at first but becoming rapid at 500°, 
and the final portion passing off at a temperature of not less than 800° C.2 

Effect of heat on optical properties of kaolinite——According to A. A. 
Klein * kaolinitic material becomes isotropic when heated to 600° C., 
with but a slight change in the index of refraction, and there was no 
marked change in the optical properties until 1200° C. was reached. At 
this point dissociation of the kaolinitic material resulted in formation of 
two isotropic substances one of which was: n = <1.50 and the other, 
n= > 1.60. 

Complete dissociation occurred at 1400° C. Between 1400° and 
1450° nearly all the minute isotropic higher refracting grains assumed 
a prismatic development, and some were found to be biaxial and posi- 
tive, with the plane of the optic axis parallel to the prism axis, agreeing 
according to Klein with the properties of sillimanite, AlgO3-SiOsg. 

Rieke says that only a few grains of the clay are crystalline and most 
are amorphous, but have nevertheless been closely studied and seem 
often to have a definite chemical composition * and not as some consider 
them, merely mixtures of alumina and silica gels.® 

Effect of heating on solubility of kaolinite—Clarke® states that after 
dehydration at low redness, kaolin is completely decomposed by hydro- 
chloric acid, but the ignited mass contains no silica soluble in sodium- 
carbonate solution. These facts he thinks indicate the formation of a 
salt AloSizO7 as a result of ignition, but other interpretations he con- 
siders possible. 

Mellor’ says it is wrongly taken for granted on the authority of 
LaCroix § that kaolinite is not attacked by HCl, but that P. Berthier ° 


1U. 8. Bur. Stand. Tech. Paper No. 21, 1913. 

2See also P. A. Granger, La Céramique industrielle, 1905, p. 5; L. Lefevre, 
Les Industries céramiques, Fasc. I, 1906, p. 17-18; A. Heath and J. W. Mellor, 
Trans. Ceram. Soc. (Eng.), VII, p. 80-100; Doelter, Handbuch der Mineralchemie, 
Il, p. 82, 1917. 

3U.S. Bur. Stand. Tech. Pap. 80, pp. 11 and 35, 1915; and Trans. Amer. Ceram, 
Soc., XVIII, p. 377, 1916. 

4M. J. Thugutt, Zenntralb. Min. Geol. and Pal., 1911, No. 4, p. 97-103. 

5Stremme, ibid., 1908, p. 622. 

6 U.S. Geol. Surv., Bull. 588, p. 40. 

7 Trans. Ceram. Soc. (Eng.), XVI, Pt. I, p. 80. 

8 Soc. Min. de la France, I, p. 472, 1895. 

9 Traité essais Par la voie séche. Liége. I, p. 68. 1847. 
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and quoted by Mellor and Holdcroft ! had stated in 1847 that concen- 
trated boiling HCl easily attacks it partially. Mellor thinks the 
diverse statements due to the fact that the crystalline form of kaolinite 
is more slowly broken down than the colloidal form. 

Howe ? states that kaolinite is very slightly attacked by hydrochloric 
acid, and decomposed by concentrated boiling sulphuric acid. 

Varieties—Mellor® has expressed the opinion that there are 
three definite minerals corresponding with the empirical formula 
AloO3-2Si02:2H20, viz.: Kaolinite (positive) and nacrite (negative) 
which are crystalline, and clayite (see below) which he believes is a col- 
loidal form. 

He does not regard clayite and amorphous halloysite as identical. 
According to him kaolinite, clayite and halloysite are easily differenti- 
ated by their time temperature curves as follows: 


No terrace at 150° C. Kaolinite 
Terrace at 150° C. Clayite 


Terrace | Terrace at 500° C. | 
Terrace at 150° C. Halloysite 


at 900° C. | No terrace at 500° C. 


His further belief is that the hydrous aluminum silicate minerals, 
halloysite, allophane, severite, montmorillonite, razoumoffskite, lenzin- 
ite, cimolite, confolensite, collyrite, anauxite, smectite, and indianaite 
are probably mixtures of gels of colloidal silica and alumina hydrates. 
This sweeping statement can hardly be considered correct in the light 
of our present knowledge. 

A peculiar kaolinite, which intumesces strongly on heating has been 
described from Back Bone Mountain, LeFlore County, Okla.* Its 
analysis was: SiOz, 46.55; AlsO3, 38.90; H20, 14.04. The microscope 
showed it to be composed of small hexagonal plates, whose refractive 
indices were, a, 1.561; 8, 1.563; y, 1.567. 

Origin of kaolinite-—I'rom what has been said regarding the origin 
of residual clays and in particular kaolin (p. 3), there would seem to 
be little doubt that it is a secondary mineral, whether formed by ascend- 
ing or descending waters, and that in the majority of cases it is formed 
under low temperature conditions. 

Feldspar appears to be the common parent mineral, although it 
appears quite possible that sericite may sometimes at least be an inter- 
mediate product. 


1 Trans, Ceram. Soc. (Eng.), IX, p. 94, 1911. 
ANG Wy WAG 


$ Trans. Ceram. Soc. (Eng.), XVI, Pt. I, p. 83, 1917. 
*Schaller, W. T., and Bailey, R. K., Jour. Wash. Acad. Sci., VI, pp. 67-68, 1916. 
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Some writers however express the opinion that it may be derived 
from a number of other minerals, and while it is possible in many cases 
to write a chemical equation showing such a change, other evidence is 
often lacking. 

Thus Résler! states that the formation of kaolinite from scapolite, 
leucite, nepheline, sodalite, hauyne, analcite, topaz, etc., is chemically 
possible, but not proven. 

The same may be said in part regarding the statements of Van Hise,” 
who lists andalusite, anorthoclase, biotite, cyanite, epidote, leucite, 
microcline, nephelite, orthoclase, plagioclase, scapolite, sillimanite, soda- 
lite, topaz, zoisite, and garnet as the primary mineral. He gives the 
formula for the kaolinization of feldspar as follows: 


2KAISi30g + 2H20 + COzg = HaAleSiszO9 + 48102 + KeCO3. 


Van Hise calculates that the decrease in volume, supposing the freed 
silica as quartz, and the potassium carbonate dissolved, is 12.57 per cent. 
If all the silica were dissolved (which is unlikely), then the volume 
decrease would be 54.44 per cent. 


MINERALS RELATED TO KAOLINITE 


These include several species, all hydrated silicates of alumina. 
Some of these have been found in crystals and are very probably good 
species, but others are known only in an amorphous condition, which 
may tend to suggest some doubt as to their validity; in fact Johnson 
and Blake * suggested that the name kaolinite should include all the 
associated species mentioned below, and that the term kaolin be retained 
for the ‘‘ more or less impure commercial article,’’ but this usage seems 
too comprehensive, especially since some of those hydrous aluminum 
silicates mentioned below seem to have a definite formula distinctly 
different from that of kaolinite proper. These associated species 
together with their characters are given by Dana and others as follows: 

Halloysite—This name was first applied by Berthier,* to a white 
mineral found in the Carboniferous limestone at Angleur near Liége, 
Belgium. Breithaupt later applied the names Galapektite and Gum- 
mite to a heavy creamy and light gum-like variety.® 


1].¢. See also Fiebelkorn, Baumaterialienkunde, IV, p. 280. 

2 Treatise on Metamorphism, p. 352. 

3 Amer. Jour. Sci., u, XLII, p. 351. 

4 Ann. Ch. Phys., XXXII, p. 332, 1826. 

5 Howe, J. A., Handbook to Collection of Kaolin, etc., Mus. Prac. Geol., London, 
1914. 
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The material called halloysite occurs usually as a massive, clay- 
like or earthy material with a conchoidal fracture and often resembles 
unglazed porcelain. Its other properties are: isotropic; n, 1.470—-1.542 
(Larsen); cleavage, none; hardness, 1-2; specific gravity, 2-2.2; luster 
pearly to waxy or dull; color white, grayish, greenish, yellowish 
and reddish; insoluble in acid; infusible. On long exposure to dry air, 
or on heating to 60° C. for a few hours the index increases to 1.555. 

It is a hydrous silicate of alumina like kaolinite, but apparently 
either crystalline or amorphous and containing more water; the amount 
is somewhat uncertain, but according to LeChatelier, the composition 
is probably 2H20, AloO3, 28iO2 + aq, or SiOz, 43.5 per cent; Al2O3, 36.9 
per cent; H2O, 19.6 per cent = 100. Some regard it as an amorphous 
kaolinite. 

A. F. Rogers! gives the index as ranging from 1.538-1.557, and 
expresses the opinion that its use is probably a safer means of distin- 
guishing halloysite from kaolinite than the absence of double refraction. 

A number of occurrences of the material have been described by dif- 
ferent authors. 

It is not uncommon in the kaolin deposits around Valleyhead, 
DeKalb County, Ala.,? where it occurs as veins in the kaolin, but no 
analysis of the material is available. 

A deposit has been described by Wheeler ? from five miles southwest 
of Aurora, Mo. The material is a white porcelain-like clay, which is 
more or less stained or intermixed with yellow clay. It is massive, 
compact, hard, and of low plasticity. It fuses completely at 2600° F. 
and has the following composition: 


ANALYSIS OF Missourt HALLOYSITE 


pei OOM cnn aoinac Sar Saen cuted oka ao cok 44.12 
Aut a (AS O's) ere 37.02 
Merricioxddea(he> ©):) ea er soo 
Lime.(Ca QO): sacha nee eee eee .19 
Alicailiess (Nas OKs ©) see ee 124: 
Warter: (EL,O) S82 pov epcprert ieee ree 18.48 

Lotaly, ds.5jccn eee ee ae oe 100.38 


This analysis it will be seen agrees closely with the theoretic com- 
position of this mineral given above. 


+ Jour. Geol., XXV, p. 515-541, 1917. 


* Gibson, Geol. Surv. of Ala., Report on Murphrees Valley, 1898, p. 121. 
* Mo. Geol. Sury., XI, p. 186, 1896. 
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G. P. Merrill i has also noted its occurrence in small quantities asso- 
ciated with kaolin, in narrow veins in the decomposing gneissic rock 
near Stone Mountain, Ga. 

The following four analyses 2 represent the composition of halloysite 
from different localities: 


ANALYSES OF HALLoysiTE 


I II III IV 

eHliKe, (SHOM ess canoe 39.30 | 40.70 42.91 | 42.00 
Alumina (Al,03)....] 38.52 | 38.40 38.40 | 20.12 
hime l(CaO) ee ee 0.75 0.60 0.60 2.81 
Magnesia (MgO)... 0.83 1.50 175 2,01 
Ferric oxide (Fe2Os) . | Rees Sal Re ee eae 8 ge 8.53 
Manganese......... 0.25 

Water (H20)....... 19.34 | 18.00 18.00 } 24.00 
EO basi (Ke ©) erecta ements sg eos etre ae 0.50 


100.41 | 99.20 | 101.41 | 99.97 


I. Elgin, Scotland. 

II. Steinbruck, Styria. 
III. Detroit Mine, Mono Lake, Calif. 
IV. Striegau, Silesia. 


It will be noticed that none of these agree very closely with the 
composition given by Dana except III. If No. IV is halloysite, it 
evidently has considerable impurities. 

The kaolin found near Leaky, Edwards County, Tex.,? appears to be 
of intermediate composition between kaolinite and halloysite, and 
may be a mixture of the two, although petrographic evidence is 
lacking. 

A most detailed description of halloysite has been given by E. S. 
Larsen and FE. T. Wherry of two samples collected from the upper work- 
ings of the fluorite mine at Wagon Wheel Gap, Colo.* One has essen- 
tially the composition of kaolinite, but is sensibly isotropic with n = 
1.557. The other, which is white and opaline to dull, with a hardness of 


2, and n = 1.470+-010 had the following properties: 


1 Non-metallic Minerals, p. 225. 
2T-III, ibid.; IV, Zellner, Neues Jahrb. Min., 1835, p. 467. 


3 See description of Texas clays. 
4 Jour. Wash. Acad. Sci., VII, pp. 178, 180, 1917. 
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ANALYSES OF HaLuoysire FROM WAGON WHEEL Gap, CoLo. 
I Il lil IV 

ALSO asveican | ctariereenne 35.75 35.41 35.58 34.66 

ResOgen tes ‘Abe, ans Ahir 

GaOse nares: 80 (3 Vee 

INER OE 5 atten, oh Garena, clues Ty: ARs 

sO) Dake setts ramets & abies ‘Tis Abies 

INDY OS anomin ce ols eae 10 09 10 

BlOwsc a ee see |) oO 900 | eee | ere OS Me ALOE SO 

H,0 below 100° C... 8.55 8.66 | \ 10.73 12.22 

HsO 100°-400° C....} 2.15 2.10 a 

HO above 400° C...{ 12.85 12.91 12.88 1222 
100.15 | 100.32 | 100.15 | 100.00 


Tes 
re J 
III. Average of I and IT. 


Analyses of halloysite from Colorado. 


IV. Theoretic composition for AlgO3 + 2SiOg+:2H2O-2Aq. 


E. T. Wherry, analyst. 


The following changes in optical properties were found to accom- 


pany the loss of water: 


Total | 
; : HO : 
History of mineral ~ _. | Optical character n 
(approxi- 
mate) 
As first examined two months after col- 25 Isotropic. A70+.010 
leeting. 
After standing six months in a loosely 20 Isotropic. .542+ .005 
stoppered bottle. 
Heated for 4 hours to 65° C. This has 15 Isotropic. .555+ .003 
the composition and index of the 
‘isotropic kaolinite’ from the same 
locality which is evidently only a 
halloysite low in H,O. 
Ignited powder, after standing 1 month. 0) Partly isotropie, |1.541+ .003 
partly  birefract- 
ing due to strain. 
Powder ignited, quickly cooled, and 0 In large parts iso- }1.585+.005 


immersed in index medium. 


tropie but some 
fragments have 
birefringence of 
0.01 with large 
axial angle. 


ST Sine ee ne 
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The loss in water of the Colorado halloysite determined by heating 
the coarse powder in a covered platinum dish is given below. The time 
of heating is not stated. 


Loss or WATER OF CoLORADO 
HALLOYSITE ON HEATING 


Tempera- | Per Boy Total 
ture loss 
205 G: Started 
30 6.40 
40 -90 
50 st) 8.60 
60 50 
100 05 
110 00 
150 10 
200 40 2.10 
300 60 
400 1.00 
Ignition 12.90 12.90 
23.60 


Some of the material kept in a bottle three months, near H2SOs, 
lost 5 per cent. 

The authors note that the chemical analyses combined with the 
optical examination indicate that the material called halloysite is the 
amorphous mineral corresponding to crystalline kaolinite, holding 
through capillarity or adsorption more or less excess water. 

This same view is expressed by Cayeux.! 

Mellor? on the other hand seems to consider halloysite and kaolinite 
as two distinct minerals, for he observes that they are readily distin- 
guishable by their heating curves, since halloysite shows no important 
thermal change at 500° C. 

That some caution must be used in identifying clays as halloysite 
even though they may show the characteristic appearance of that 
material is indicated by the following three analyses of so-called halloy- 
sites from southern states, all of which were dense white, with a con- 
choidal fracture, and waxy luster. 


1ftudes Pétrographique des Roches Sédimentaires. Text., pp. 229-233. 
2'T'rans. Ceram. Soc. (Eng.), XVI, p. 73-84, 1917. 
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ANALYSES OF SO-CALLED HALLOYSITES 


i II Ill 
SIO gee rea terre tere 35.82 43.30 43.18 
ALO sec crtectette he 44.38 39.94 39.21 
Fe,03 Sralyohia kemeitetrau cle tolictls lures fine 15 
CaO tae cee eae 0 0 0 
IM cORR ey pecs oe ltr: 21 etre, 
INaisO eee Saree ane Ler .25 .08 
KOR ian ener 0 0 0 
H.20 below 108° C...| 1.61 1.28 3.39 


H.0 above 108° C...| 16.63 15.04 14.23 


99.62 {100.02 100.24 
toy Oy a okralene ones ona.- 2.497 2.441 2.46 


I. Sedimentary deposit, Chattooga County, Ga. 
II. Sedimentary deposit, Fort Payne Chert, Alabama. 
III, Residual deposit, Grubb mines, near Roanoke, Va. 


Number 1 contained very small but identifiable crystals of gibbsite 
in cracks and on the surface. 

P. A. van der Meulen, who described them,! points out that all three 
run too high in alumina for halloysite and suggests that they represent 
mixtures of kaolinite and gibbsite. 

Dehydration determinations were made on I and II at 50° C. inter- 
vals and it was found that I lost about 6 per cent of water at 300° C., 
while II lost only 2 per cent. In both most of the remaining water was 
lost at 500° C., although the last trace was not removed until about 
900° C. 

The proportions of the two minerals were calculated as follows: 


iL II 
IMO. oo caeoue CS 93.12 
(Cao, op noone e 2132 4.83 
DPMS AEM, Gan co oll eoromoc 1.63 


Clayite.—This name was suggested by J. W. Mellor in 1908 2 to 
apply to what he regarded as an amorphous variety of kaolinite, whose 


' Amer. Jour. Sci., Ser. [V, XLIII, pp. 140-144, 1917. 
? Trans, Ceram. Soc. (Eng.), VIII, p. 23, 1908. 
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identity may seem by some to be established on rather uncertain evi- 
dence, viz., the heating curve of the clay. 

As pointed out by Mellor this curve in the case of clayite shows 
an endothermal critical point or terrace at 150° C., and a second one at 
500-600° C., while there is an exothermal critical point or hump in the 
curve at 900° C. 

It agrees with the heating curve of kaolinite, except for the terrace 
at 150°C. It differs from halloysite, according to Mellor, in that this 
mineral shows no terrace between 500-600° C. 

Mellor says! that the critical point at 150° C. indicates that these 
clays contain a colloidal substance which loses its water at this temper- 
ature. ‘This substance might be halloysite, colloidal silicic acid or 
colloidal clayite.”’ In the first two cases the curve of clayite can be 
regarded as having been developed by the superposition of the curve of 
kaolinite with that of halloysite or silicic acid, but he thinks it doubtful 
if either supposition is correct. 

J. A. Howe? considers that the term clayite is not very satisfactory 
as much of Mellor’s clayite is in fact crystalline as can be easily seen 
when it is examined under suitable conditions.* 

Montmorillonite—A name given by Salvetat * to a rose red, clay- 
like mineral forming nests in a brown clay at Montmorillon, France. 
Salvetat’s analysis is: SiOz, 49.4; AlsO3, 19.7; Fe2Os, .8; MgO, .27; 
CaO, 1.5; Alkalies, 1.5; H2O, 25.67 = 98.84. 

H. Leitmeier ® described a yellow clayey mineral from Bulgaria 
under this name, and stated that the microscopic examination showed 
it to be a gel and completely isotropic, as well as being difficultly soluble 
even in hot HCl. Part of it was pisolitic. After three years’ standing 
in the laboratory it was found that the greater part of the material was 
crystalline, with low double refraction and N,, = about 1.51. It was 
slightly soluble in HCl but completely so in H2SOs« after long heating. 
The analysis of the crystalline material is: SiOz, 50.14; Al2Os, 19.74; 
Fe20sz, 4.14; CaO, 1.26; MgO, 2.28; H2O, 22.61 = 100.17. 

Leitmeier considers part of the Fe203 as replacing Al2O3, leaving 


1 Trans. Ceram. Soc. (Eng.), XVI, p. 77, 1916-17. 

2 A Handbook to the Collection of Kaolin, China Clay and China Stone in the 
Museum of Practical Geology, London, 1914. 

’ Even though the mineral described by Mellor as clayite proved to be a valid 
species, the name could not be retained as it was applied years ago to a variety of 
Tetrahedrite. See Dana, System Mineralogy, p. 141, 6th ed., and Taylor, W. J., 
Proc. Acad., Phila., p. 306, 1859; Binns, Trans. Amer. Ceram. Soc., V, p. 14, 
1912. 

4 Ann. Chem. Phys., X XI, p. 376, 1847. 

5 Zeitschr. f. Kryst, LV, p. 353-371, 1916. 
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the balance as well as MgO and CaO, as impurities. He then figures 
the formula as AlgO3-48i0O2-6H20. 

He quotes four other analyses of so-called montmorillonite in which 
SiO» : AloO3 ratio varies from 4.07-4.20, but they all contain notable 
amounts of impurities, and the water varies from 10.28 to 26.00 per cent.! 

Dana quoting LeChatelier gives its composition as H2AleSisO12 + 
nH20. He remarks that its properties are not definitely worked out, 
and published analyses show considerable variation. Stolpenite and 
Steargillite are given as varieties by Dana.” 

Ross and Shannon® give the formula of montmorillonite as 
(MgCa)O- AlsO3-5S8i02-nH20; its physical form as micaceous, and its 
crystal form as orthorhombic. Their analyses which were made on 
material obtained by washing the impurities out of bentonite, indicate 
that its composition agrees closely with material from Montmorillon, 
France. The MgO content, however, is notably higher than that in 
Salvetat’s analysis given on p. 71. 

Montmorillonite has also been described by Brush and Dana ?# as an 
alteration product of spodumene in pegmatite from Branchville, Conn. 

Several of the analyses quoted by Ross and Shannon are given below: 


ANALYSES OF MONTMORILLONITE 


I It IIL KY) V VI 

HLOhS Gan oat 48.80 49.20 48.60 51.20 48.24 50.60 
IMINO: geo ae 21.08 17.60 20.03 22.14 D2co2 17.23 
HerOse. ee. 92 1.60 IER arse 56 36 

INNO Pec acts MUO aoe oh eae rato 16 18 

(CaO Ae 1736 1.52 1.72 3.72 2.04 3.21 
MeO 4.84 5.08 5.24 3.53 6.64 4.56 
1 Ore A 

NalOmmite: fone re sic | Meesimiee tetas, oe = eccrine 00 

is Oe 20.92 25.52 21.52 17.08 20.84 24 32 
NO een ano opie Ueccrins |l GGanees 1.42 


I. Bentonite, Ardmore, S. Dak. Fine portion. Purified by Ross. Shannon, analyst. 
II. Bentonite (montmorillonite), Fort Steele, Wyo. Purified by Ross. Shannon, analyst. 
Ill. Montmorillonite, Montmorillon, France. Shannon, analyst. 
IV. Montmorillonite from pegmatite, Branchville, Conn. H. L. Wells, analyst. 
V. Montmorillonite from pegmatite, Embudo, N. Mex. Shannon, analyst. 
VI. Montmorillonite. Theoretical composition to satisfy formula (MgCa)O- AlsO3: 58i09- 8H.20, 
with MgO : CaO present in the ratio of 2 to 1. 


"See also: D. Lovisato, Atti. Accad. Lincei., XXII, II, p. 670-5; L. Azema, 
Bull. Soc. france. min., XXXVI, p. 111-113. 
* See Dana, Syst. Min., p. 690; Larsen, U.S. Geol. Surv., Bull. 769, p. 113, 1921. 


* Jour. Amer. Ceram. Soc., IX, p..77, 1926; see further under Bentonite. 
4 Amer. Jour. Sci., XX, p. 283, 1880. 
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The proportions of bivalent bases, silica, and trivalent bases, alumina 
plus ferric iron, is quite constant, the water showing the greatest varia- 
bility, and some question has been raised as to the manner in which it 
is held. 

The authors state that a large part of the water is driven off at a tem- 
perature of 120° C., and much is lost at room temperatures in a des- 
iccator over sulphuric acid and calcium chloride. Indeed samples 
having lost 12 per cent of moisture at 120° C., regain it in a few hours if 
exposed to the air of a room. 

The following experiments are interesting: 


Loss or Water By Monrmorittonite Cruays 


| iat | 
| 

ao = = | 
100° C. | 11.88 | 1428 

140° 2.00 | 1.48 

450° | 2.64 2.44 

Red heat | 5.00 | 4.76 
| 21.52 | 22.96 


I. Montmorillonite, France, per cent. 
II. Otaylite, California, per cent. 


The clays which had been heated to a constant weight at 140° C. 
were allowed to stand overnight, and regained 13.88 and 11.56 per cent 
respectively. 

The loss of this water appears to have no effect on the optical prop- 
erties. 

The mean values for the refractive indices are given as, a = 1.493, 
Band y = 1.516. 

Beidellite..— This is named from the locality of the first occurrence 
described in detail, Beidell, Colo. It was not separated originally from 
leverrierite, and was termed clay gouge in one publication.” 

The formula is given as AloO3-38i02-2H2O0, with Al replaced by 
Fe, and often containing minor amounts of other oxides presumably 
replacing H20. Theory for « = 4, a frequent value: SiOz 51.0 per 
cent; Al2O3 28.7 per cent; H»O 20.3 per cent = 100.00. It is known 
only in plates, with indistinct crystal boundaries, often only of micro- 
scopic size, and is probably orthorhombic. The luster is vitreous to 


1 Larsen, E. S., and Wherry, E. T., Jour. Wash. Acad. Sci., VI, p. 208, 1917. 
2 Amer. Min., X, p. 141, 1925. 
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waxy, with color white, reddish or brownish gray. The hardness is 
less than 2. On wetting, it may become plastic, owing to the entrance 
of water in innumerable thin films between the plates. The refractive 
indices of the original beidellite are variable with conditions and methods 
of measurement, and increase on standing in the immersion liquids to 
a = 1.494, B and y = 1.536, which may be taken as standard, but speci- 
mens usually rich in iron oxide give higher indices. Beidellite is biaxial, 
with a small axial angle, 2K usually = 16° to 24°, 2V = 9° to 16°, 
though approximately uniaxial in some specimens. The alumina-silica 
ratio is 1 : 3 with about 4 molecules of water, and it is said to belong in 
a mineral group lying with respect to the alumina-silica ratio, between 
the kaolinite and the pyrophyllite groups. The colloidal member of 
the group is apparently steargillite (grouped by Dana under Montmoril- 
lonite), and the crystallized member anauxite, although both of these 
are said to need further study. 

The optical properties of beidellite from several localities are given 
below: ! 


Optical | Ex- 
Locality a | B,y | ay| 2V 2H char- jtine-| Color 
acter |tion. 
BeidelliColoss= ane 1.494}1 .536)0.042)9°-16°916°-24°|.......).... Gray buff 
Owhyee Co., Idaho..... 1.448)1.527|0.039) Small 
I OVER ee feos snares ancien Swen, White 
Nashville, Ark.......... MoE OOO Os a: Boe oa ors Gray to 
light gray 
Spokane, Wash......... RSPEI SEV OA OEY Mo ew elle cbc as lee oe Pistachio 
| green 
Wagon Wheel Gap, Colo./1.495}1.537/0.042) “ |.......).......}.... Gray 


Beidellite has been described from Beidell, Colo.;? Black Jack vein, 
Carson district, Owyhee County, Idaho;? Manhattan, Nev., in volcanic 
rocks;* in tuffs of southwestern Arkansas;° and in certain schists of 
Michigan and Wisconsin.® 


? Ross, C. S., and Shannon, E. V., Jour. Wash. Acad. Sci., XV, p. 467, 1925. 
? Larsen, HE. S., and Wherry, E. T., Jour. Wash. Acad. Sci., VII, p. 208, 1917. 
8 Shannon, C. V., Proc. U. S. Nat. Mus., LXII, 1923. 

* Econ. Geol., XVI, p. 1, 1921. 

5 Miser, H. D., and Ross, C. S., Amer. Jour. Sci., EX, p. 119, 1925. 

8 Corbett, C. S., Amer. Jour. Sci., X, p. 247, 1925. 
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The following analyses of beidellite clays are given by Ross and 
Shannon.! 


ANALYSES OF BrewwEuurrn Cuays 


I II Il JIN 

WO cas dec| Lie 47 28 45.32 50.85 
JAOFS Son a all eahesy) 20.27 27 84 28.81 
MevOs). a. <. 2.80 8.68 80 
CaO 52 2.75 2.76 
Nig O Sees 3.00 70 16 
KO rteeciliewtere 41 ‘Aline, m2 
INA Os eerer ere tio 197 10 
IsOWy Samide 19.62 19572 22.64 20.34. 

98.96 | 100.37 99.64 | 100.00 


I. Nashville, Howard County, Ark. Fine separation product. Shannon, analyst. 
II. Beidellite, ‘‘leverrierite’”’ gouge clay from Beidell, Saguache Co., Colo. 
III. Beidellite, ‘‘leverrierite” gouge clay, Black Jack vein, Carson Dist., Owhyee County, Idaho. 
IV. Theoretical alumina end member to satisfy Alp2O3* 3SiO2: 4H2O. 


Allophane.—This was originally described by Stromeyer and Haus- 
mann from Grafenthal, near Saalfeld.? 

It is commonly referred to as a clay mineral, the formula of Dana 
being AlgOg-SiOz + 5H20, while Larsen gives it as AlgO3-2SiO2-nH20. 
The former would correspond to: SiOe, 23.8; Al2O3, 40.5; HeO, 35.1. 

It has been variously described as hyaline, stalactitic, pulverulent, 
and waxy, and of different colors. 

The gravity is given as 1.85-1.89, H = 3, n = 1.47-1.49. 

It gelatinizes with HCl and is infusible before the blowpipe. 

There is some difference of opinion however as to the true nature 
of the material called allophane. 

Stremme ? believes that the physical and chemical properties of 
allophane, including halloysite and montmorillonite are closely allied 
to artificial mixtures of colloidal AlzO3 and SiOz obtained by the simul- 
taneous precipitation from aqueous solutions of the salts of SiOz and 
Al2O3, and hence cannot be regarded as true silicates. Mellor * appears 
to agree with this view. 

These views were disputed by 8. J. Thugutt,® mainly on the ground 


1 Jour. Amer. Ceram. Soc., IX, p. 94, 1926. 

2 EHowey Jes lcs, De LOZ: 

3 Centralb. f. Min., 1908, pp. 622-632 and 661-669. 
4 Trans. Ceram. Soc. (Eng.), XVI, p. 79, 1916-17. 
5 Centralb. f. Min., 1911, p. 97-103, and 1912, p. 35. 
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that the weak blue coloration which these substances give with cobalt 
nitrate shows the absence of free alumina. 

To this Stremme ! makes the rejoinder that the cobalt nitrate test 
for alumina can be depended on only when the alumina compound is 
fairly free from iron oxide. 

Wherry has suggested that colloidal hydrous-aluminum silicates, 
with a ratio AlO3 : SiOz from 1: 1.5 to 1: 0.25 be called allopha- 
nite.” 

There is always some doubt as to whether these amorphous clay 
minerals are definite species or simply adsorption compounds of col- 
loidal silica and alumina with variable amounts of water.? 

Newtonite.—This mineral, also first described by Brackett and 
Williams,+ was found as scattered lumps in a dark gray clay from 
Newton County, Ark. It was described as a soft white compact homo- 
geneous substance, made up of minute microscopic crystals, of appruxi- 
mately rhombohedral shape. 

Its composition is given as AlgO3-2S102-5H20 = S102, 38.5; Al2Os, 
3251s) L2O, 28 San ope hee ie 

Larsen © describes it as made up of “ very minute square pyramids 
which have a nearly square outline when lying on the pyramid face. 
Fragments on a pyramid face show Z’ bisecting the acute angle of the 
rhombic outline, perceptibly uniaxial, optically +. Probably tetra- 
gonal. w = 1.560) «= 1.58) Usp: er. 2:37: 

More recently W. I. Foshag ® has obtained some samples of this 
material from the original locality, and finds that on analysis it gives: 
SO3, 34.92; SiOe, .96; AlsOs, 38.56; CaO, .78; MgO, .30; Ke20, 8.23; 
NazO, .80; H2O, 15.15. The mean index is 1.58. He concludes that 
the chemical composition, physical and optical properties indicate that 
the ‘‘ newtonite”’ is not a species, but is identical with alunite. The 
analysis given by Brackett and Williams he points out is similar in all 
respects to that of halloysite, so must have been founded on error in 
connection with the material analyzed. 


1 Centralb. f. Min., 1911, p. 205-211. 

2 Proc. U.S. Nat. Mus., XLIX, p. 463-7, 1915. 

*See also: Rieke, R., Sprechsaal, XLIV, p. 637, 653, 1911; Keppeler, G., ibid. 
XLVI, p. 445, 1913; Wohlin, R., bid., XLVI, p. 719, 738, 749, 767, 781, 1913; 
Sokoloff, A. M., Tonind. Zeit., XXXVI, p. 1107, 1912; Arnio, B., Centralb. Min., 
1914, p. 69-75; Samoilov, V. and Chervyakoy, I. I., Bull. Acad. Sci., Petrograd, 
1915, p. 197-204; Mikolaievskii, F. A., Bull. Acad. Sci., St. Petersburg, 1914, p. 
147-50. 

* Amer. Jour. Sci. (3), XLII, pp. 11-21, 1891. 

° U.S. Geol. Surv., Bull. 679, pp. 115 and 187, 1921. 

§ Amer. Mineral, XI, pp. 33-5, 1926. 
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Rectorite.'—This was described by R. N. Brackett and J. F. Wil- 
liams, as a new hydrous-silicate of alumina. When pure it was “ a soft, 
white mineral occurring in leaves or plates and resembling very closely 
in form that variety of asbestos known as mountain leather, and at the 
same time having somewhat the soapy appearance of steatite.”’ 

The authors after throwing out 4.3 per cent of MgO, CaO, Fe203 and 
alkalies, recalculate the analysis and give the formula as: 


AlsO3-28102-H2O — SiOz, 50.0; AloOs, 42.5; H20, laos 


Leverrierite.—Dana gives this as a variety of kaolinite, after Ter- 
mier,” with a formula 2Als03-58i02-5H20. Its other properties are: 
H = 1.5; Sp. gr., 2.3-2.4; Optically —, Ax. pl. || b (010); Bx. L ¢; 
Ax. angle 45°-52°; 6 = 1.6; y-a = .0075-.0082. 

Termier® in describing a specimen from France notes its occurrence 
as prismatic crystals, often bent and vermiform, with perfect cleavage 
perpendicular to the long dimension of the prisms. 

The analysis given by him is: SiOe, 46.79; AloOs, 34.47; CaO, 4.53; 
Ignition loss, 13.21. It is not known that the material was perfectly 
pure. 

Larsen and Wherry + described under leverrierite an aluminum sili- 
cate mineral occurring as gouge clay adjoining metalliferous veins, but 
now consider that it should be called beidellite. They state ° that in 
their belief it is better to restrict the name leverrierite to vermicular 
material, with the alumina-silica ratio near | : 2. 

Cayeux © considers leverricrite so nearly like kaolinite as to class 
it as a variety rather than a distinct mineral species. He refers to its 
frequent occurrence in the Cretaceous rocks of France, and thinks that 
it has been formed in place and is not a detrital mineral. 

Pyrophyllite.—Al203- 45102. H20, or SiOz, 66.7; AlzO3, 28.3; 
H20,5; although a hydrous aluminum silicate appears to have been 
rarely identified in clay. 

The properties are given by Larsen as: a, 1.552; y, 1.6; 6, 1.588; 
2V dispersion, 57°; p > v weak; X =c; Z || length; orthorhombic, 
H, 1-2. Sp. gr., 2.8-2.9. Dehydration tests are given on p. 89. 

Schréetterite—An uncertain clay mineral of amorphous character, 
and said by Dana to resemble allophane in appearance. Its H- is 3-3.5 


1 Amer. Jour. Sci. (3), XLII, pp. 11-21, 1891. 

2 Compt. rend., CVIII, p. 1071, 1889. 

3 Ann. d. Mines, XVII, p. 372, 1890. 

4 Jour. Wash. Acad. Sci., VII, pp. 208-217, 1917. 

5 Jour. Wash. Acad. Sci., XV, p. 465, 1925. 

6 Etude Pétrographique des Roches Sédimentaires, Text., pp. 229-233. 
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Sp. gr., 1.95-2.05, and n = 1.584 (Larsen). Composition 8Al203- 
38i02-30 H20, or SiOe, 11.7; AlsO3, 53.1; HzO, 35.2. It appears to 
be present in the indianaite deposits of Lawrence County, Ind. (See 
under Indiana.) 

Indianaite—This material though listed by Dana and others as a 
mineral, has no right to be classed as such, for reasons given below: 

It represents a peculiar type of clay found along the contact of the 
Pottsville sandstone and the underlying Chester shale, the type occur- 
rence being near Huron, Lawrence County, Ind., but it has been found 
as far north as Owens County (see Indiana) and occurs to the southward 
in Kentucky (see Kentucky). The material is very fine grained, waxy 
or earthy in lustre, the former being sometimes blue but fading out on 
exposure to the air. Occasionally there are present botryoidal or 
granular masses of hyaline material. The indianaite is placed under 
halloysite by Dana,! and called allophane in the Indiana? Survey 
report. 

Of the following analyses, No. I is given by Dana, and No. II by 
the Indiana Survey, Nos. III (halloysite) and IV (kaolinite) are for 
comparison. 


ANALYSES OF INDIANAITE, HALLOYSITE, AND KAOLINITE 


I* Il Ill IV 
Silica (SiO.)........| 43.25 | 44.75 | 43.5 | 46.3 
Alumina (Al,03)....| 39.92 | 38.69 | 36.9 39.8 
Ferric oxide’ (Fe2O3).|........ .95 
Iban (COMO) e565 050° \ a 37 
Magnesia (MgO)...// °°” |\ .30 
Ios (OKO) so ccnull } nq | | a1 
Soda (Na.O)....... [ST aes 
Water (H;0)....... 15 5O8) S157 a e106 mena 


* The moisture has been left out, and the analysis recalculated to 100 per cent. 


While the percentage of combined water in these analyses is higher 
than in kaolinite, and the silica lower, still they approach no more 
closely to those given for halloysite than they differ from similar constitu- 
ents of kaolinite. However, in view of the composite character of the 
material, these analyses have little significance. 


' System of Mineralogy, 688, 1892. 
* Ind. Geol. Sury., 29th Ann. Rept. 
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That Indianaite is not a single mineral is shown by a petrographic 
examination, made by R. E. Somers.! 

The massive waxy material contains a number of large flakes which 
are nearly or quite isotropic, except for minute inclusions. There are 
also numerous spherulite like grains showing the interference colors of 
kaolinite. 

The earthy variety exhibits numerous radiating bunches and even 
spherulites of a hydromica, possibly sericite. Kaolinite is also abundant. 

Some of the hyaline material was isotropic with an index of 1.50-1.53, 
and gelatinized with hydrochloric acid, a property said to be common 
to both allophane and schroetterite. 

The following analyses are not without interest: 


ANALYSES OF INDIANAITE AND ASsocrIATED MINERALS 


I ios! hae Ie ie 
SiO 43.47| 10.70 | 23.80 | 11.70 | 43.5 
Al,O3.....| 38.03] 54.53 | 40.50 | 53.10 | 36.9 
H,0+100° C....] 14.73] 29.48 | 35.70 | 35.20 | 19.6 
Fe:Oy, eae 
Hes, che: eee 
H,0-100°C..4,| 3.82) 5.26 


I. Waxy clay, Gardner Mine, G. Steiger, analyst. 

II. Hyaline material, Gardner Mine, G. Steiger, analyst. 
III. Allophane, Dana, Syst. Min., 6th ed., p. 693, 1912. 
IV. Schroetterite, ibid., p. 694. 

VY. Halloysite, ibid., p. 688. 


A comparison of the above analyses shows that the hyaline material 
resembles schroetterite, but the waxy clay agrees more closely with 
halloysite than allophane. It is not pure halloysite, since the micro- 
scopic examination shows that the material contains some kaolinite and 
hydrous mica. 

A similar type of clay apparently allied to indianaite has been 
described by J. H. Gardner from the Mississippian near Brownsville, 
Edmonson County, Ky.? There, underlying the Conglomerate sand- 
stone is a white waxy clay with conchoidal fracture and said to resemble 
indianaite. It grades down into a hard brown layer thought to be 
bauxite (Fig. 34) with admixed wavellite. 


1U. S. Geol. Surv., Bull. 708, p. 156, 1921. 
2 Ky. Geol. Surv., Bull. 6, p. 50, 1905. 
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The following analyses, which are taken from Gardner, have been 


recalculated to 100 per cent after subtracting an appreciable percentage 
of moisture given under each: 


ANALYSIS OF CLAYS FROM Epmonson Co., Ky. 


It Il lil 

Si Gaim (51 O)a)) eee 44.69 45.35 22.81 
Alumina (Al.03)........ 38.17 37.64 | 46.15 
Ferric oxide (Fe203)..... AT .68 each 
ines (Ca ©) aera 40 36 41 
Magnesia (MgC)....... | 250 .56 -45 
Botasha (ke ©) haan aeene .09 24 .30 
Stoel) (NAO): oak cee ese .08 .09 
Phosphoric acid (P2Oz). . SPA 20 At 
Titanic acid (TiO»)...... Abe dee) iby 
Sulphur trioxide (SOs)... Ate Adie. .30 
MPSATMMONS see onic oo ee eo ae 15-30 | 14280 723282 

al Woy ots 1 Rt eek Re 99.96 99.95 99.97 


I. White clay. 
II. Waxy clay. 
III. Bauxite-Wavellite mixture. 


Conglomerate Sandstone 


—~]| White Particles 
s Pit 


Covered showing latter 
on surface 


Kaskaskia Limestone 


Fie. 384.—Section in Mississippian near Brownsville, Ky., showing occurrence of 
indianaite and bauxite. (After Gardner, Ky. Geol. Surv., Bull. 6, 1905.) 


Pholerite.—This term was first applied by Guillemin in 1825! to a 
pure white pearly substance, occurring in the form of small hexagonal 
scales, soft and friable to the touch, adherent to the tongue, and giving 


* Ann. des Mines, XI, p. 489. 
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a plastic mass with water. Similar occurrences were noted later by 
J. L. Smith ' in 1859, by A. Knop,? and by L. L. Konnick.? 

The composition of pholerite is: Silica (SiOz) 39.3, alumina (Al2O3) 
45, water (H2O) 15.7, which corresponds to a chemical formula of 
2Al203- 35102 -4H20. 

Dana * classes this under kaolinite, but, in view of the fact that 
the pholerite has been found in crystalline form, this hardly seems 
reasonable. 

So far as the author knows little crystallized pholerite has been 
described from the United States, but Wheeler has pointed to its prob- 
able presence in some of the Missouri flint-clays,° in which the silica- 
alumina ratio ranged from 0.94 to 1.15. Now, since this ratio in kaolin- 
ite is 1.16 and in pholerite 0.81, it seems quite probable that in some at 
least of the Missouri clays there is a mixture of kaolinite and pholerite 
present. 

Cook, in his report on the New Jersey clays,® gives 32 analyses 
in which the combined silica has been separated from the sand, and of 
these 21 seem to indicate the presence of some pholerite, their silica- 
alumina ratio ranging from 0.94 to 1.15. 

If this explanation is correct, then pholerite is no doubt present in 
many other fire-clays, and perhaps even some kaolins. The writer has 
questioned whether the presence of bauxite with the kaolinite might not 
give a mixture with a high alumina percentage similar to that shown 
by pholerite. 

A. Ledoux’ has described a pholerite from Quenast, and states that 
it is triclinic, with low index of refraction and birefringence. He 
further states that it is almost identical in its optical properties with 
nacrite and while differing in crystallization from kaolinite, is like it in 
composition. This latter statement may be open to dispute. 

Collyrite——The name was given by Karsten ® to a white clay-like 
material, found in sandstone near Weissenfels, Saxony. It had a 
greasy feel, and shiny lustre. It is also said to have been found in the 


1 Amer. Jour. Sci., 11, XI, p. 58. 

2 Neues Jahrb. Min., 1859; also Johnson and Blake, Arer. Jour. Sci., XLII, 
p. 361, 1867. 

3 Zeitschr. f. Kryst. u. Min., II, p. 661 

4Syst. Min., 1893, p. 685. 

5 Mo. Geol. Surv., XI, p. 50, 1897. 

5N. J. Geol. Surv., 1878. 

7 Bull. Soc. Belge geol., XXVII, p. 96-8, 1913, and Neues Jahrb. Min. Geol., 
1915, I, Ref. 183. 

STab., XXX, p. 73, 1800. 
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chalk near Brighton, England, as well as in the Pyrenees and Hungary. 
The formula is given by Dana as 2Al203-SiO2-9H20. 

Nontronite.—H,4Fe2Si209, the ferric equivalent of kaolinite,’ 
described by Weinschenk, may occur in clays, but is rarely referred to 
or identified. It is less stable than kaolinite, being easily decomposed, 
either by acid or alkaline solutions, yielding limonite as a final product 
of aqueous action. 

Nacrite—This name was given by A. Brogniart to a micaccous 
mineral which Haug had previously likened to lepidolite.* Later 
A. Breithaupt ? used the term for what appeared to be an earthy tale 
occurring as snowwhite or yellowish-white plates, collected in fanshaped 
or reniform masses, and having a pearly lustre. He stated that its 
composition was close to kaolinite. An analysis of material from the 
ore veins at Freiberg, Saxony,* gave: SiOz, 47.93; Ale2O3, 37.70; H20, 
14.06. 

Both Dana ® and Doelter ® give nacrite as a synonym of kaolinite, 
while Johnson and Blake “ state that it is identical with pholerite. On 
the other hand, J. W. Mellor,® quoting from A. B. Dick, states that it is 
negative, but that otherwise its properties and composition are the same 
as kaolinite from Anglesea. 

Classification of clay minerals——In looking through the literature 
one cannot fail to notice the large number of hydrous aluminum silicates 
which have been described, separate species having sometimes been 
based on a chemical analysis of a limited amount of material, and there 
being furthermore no definite knowledge that the substance was pure. 
A petrographic examination made prior to the chemical analysis, would 
be of great assistance. 

J. A. Howe, in his Handbook on Kaolin, gives the names of sixty-one 
hydrous aluminum silicates, which had been added to the literature up 
to 1914, and EK. T. Wherry ® has added to the list. The validity of 
many of these species may be questioned. 

Several attempts have been made to classify the hydrous aluminum 


1 Zeitschr. Kryst. u. Min., XXVIII, p. 150, 1897. 

2 Min., I, p. 505, 1807. 

® Char., 94, p. 318, 1832, and J. W. Mellor, Trans. Ceram. Soe. (Eng.) XVI, 
p. 74, 1916-17. 

* Doelter, C., Mineral Chem., II, p, 125, 1917, and quoted from Miller, R., 
and Breithaupt, A., Berg. u. hiitt. Zeit., XXIV, p. 336, 1866. 

5 Sys. Min., p. 685. 

arcs 

es 

* Trans. Ceram. Soc. (Eng.), XVI, p. 74, 1916-17. 

* Proc. U. 8. Nat. Mus., XLIX, p. 463. 
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silicates, and several of these are given below, although none of them can 
be regarded as satisfactory. 

Le Chatelier’s Classifications.'—H. Le Chatelier 2 in studying the 
action of heat on certain clays, emphasized the fact that in spite of the 
common occurrence and industrial importance of the hydrated alumi- 
num silicates little is known as regards their chemical constitution. 
They generally form mixtures so complex that analysis alone furnishes no 
precise data as to their nature, and he suggests that by studying the 
temperature of dehydration of these bodies, it may be possible to iden- 
tify a small number of chemical species, and to distinguish the presence 
of each of them in different mixtures. Le Chatelier states that if a small 
quantity of clay is rapidly heated there occurs at the moment of dehy- 
dration a retardation in the rise of temperature, and this point may 
be utilized for establishing a distinction between the various hydrated 
aluminum silicates. 

As a result of his experiments he recognized the following groups: 


1. Halloysite (28102-Al:03-2H20 + Aq). Shows a retardation in 
the rate of rise of the temperature between 150° and 200° C., a second 
one at 700° C., followed by a sudden acceleration at 1000° C. 

2. Allophane (SiOQ2-Al2O3 + Aq). Retardation between 150° and 
220° C., and acceleration at 1000° C. 

3. Kaolin (28i02-Al203-2H2O). Shows retardation towards 770° C., 
and a slight acceleration towards 1000° C. 

4, Pyrophyllite (4SiO2-AlzO3,-H20). The first distinct retardation 
occurs at 700° C., and a second, but less-evident one, at 850° C. 

5. Montmorillonite (4Si0O2,Al203,H20 + Aq). First retardation at 
about 200° C., a second at 770°C., and a third less-marked one at 950° C. 

At a later date Le Chatelier altered his classification and made the 
following three groups:® 1. Allophane group; 2. Kaolinite group, 
including: (a) kaolin formed from igneous rocks; (b) clay, both capable 
of forming plastic paste with water, and (c) halloysite, nonplastic; 
3. Pyrophyllite group, including montmorillonite. 

H. Stremme * suggested that clay minerals be classified according to: 
(1) solubility in HCl, or (2) solubility in H2SO2. He stated that they 
are crystalline to erypto-crystalline, amorphous, colloidal or plastic. 


1 Reference may also be made to work of J. W. Mellor (Trans. Ceram. Soc. 
(Eng.), XVI, p. 78, 1917) who proposes to differentiate a series of hydrous aluminum 
silicates on the basis of their heating curves. 

2 Compt. rend., CIV, p. 1443, 1887; also Ding. polyt. Jour., CCLXYV, p. 94, 1887. 

3 La Gilice et les Silicates, Paris, 1914. 

4 Zeit. f. prak. Geol., XVI, p. 124, 1908. 
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In 1916, L. Cayeux ! divided the clay minerals as follows: 

1. Crystalline clay minerals: Kaolinite, halloysite, and montmoril- 
lonite. 

2. Amorphous clay minerals: Allophane, collyrite. 

BE. T. Wherry ? made a still different grouping, as below: 

1. Cimolite group. Mostly soft earthy clays with alumina: silica 
ratio of 1: 7.5 to 1: 2.5. Included in this is montmorillonite. 

2. Halloysite group. Mostly soft, earthy clays with alumina : silica 
ratio of 1 : 2.5 to 1: 1.5. Included in this are allophane, some kaolinite 
and pholerite. 

3. Allophanite group. Harder, more vitreous, with alumina : silica 
ratio of 1 : 1.5 to 1: 0.25. Included are collyrite and schrotterite. 

More recently Wherry 3 has proposed a grouping of aluminum sili- 
cates, based on their AlgO3 : SiOz ratio, and under each of these ratios, 
makes a further subdivision of colloids, metacolloids and crystals. 

The following extracts from his table may serve as examples: 


Colloids SiO, : Al.O;| Metacolloids Crystals 
Collyrite 3 8 Mullite | Mullite (eryst’d) 
Allophane i oe Fibrolite Silimanite 

( Newtonite 
Halloysite if eat ; Nacrite Kaolinite 
Cryptotilite | 
Cimolite Zeal Agalmatolite Pyrophyllite 


This classification is doubtful of universal acceptance: Montmoril- 
lonite, for instance, is rejected by Wherry, because the recent studies 
by Ross and Shannon “ have shown that it contains a relatively large 
and definite amount of essential magnesia.”’ 


ALUMINUM HypbDRATES 


The occurrence of aluminum hydrates in clay is always a possibility, 
and as pointed out by the writer elsewhere,* it is not improbable that 
some high-alumina clays might be mixtures of kaolinite (or some allied 
mineral) and some aluminum hydrate, but unless the latter can be 
definitely identified, such deductions rest on a rather insecure foundation. 

M. G. Edwards ° sought to show from the recalculation of a number 

1 Etude Pétrographique des Roches Sédimentaires, p. 229, 1916. 
2 Proc. U.S. Nat. Mus., XLIX, p. 463, 1915. 

3 Amer. Min., X, p. 140, 1925. 

4 eon. Geol., IX, p. 402, 1914. 

> Hcon. Geol., IX, p. 112, 1914. 


ALUMINUM HYDRATES 85 


of selected analyses, that they might be regarded as mixtures of kaolinite 
and some aluminum hydrate but his conclusions were not backed up 
by any petrographic evidence. 

Some high-alumina clays may show the distinctly pisolitic structure ! 
characteristic of bauxite, although petrographic examination may show 
little evidence of either gibbsite or diaspore, but in a few cases these 
have been definitely identified. 

Gibbsite.—This may be abundant in some high-alumina flint-clays 
and has been definitely identified by Galpin as occurring in the pisolitic 
flint clays of the Olive Hill district of Kentucky,? and by Rogers, from 
a clay at Morton, Minn. 

P. A. van der Meulen * has noted it in cracks in a highly-aluminous 
sedimentary clay from Chatooga County, Ga. 

It has also been tentatively identified by G. V. Wilson in the Ayrshire 
Bauxitic clay of Scotland.® 

Diaspore.—This mineral has not often been noted in clays, but it is 
abundant in some flint-clay deposits of central Missouri, in which it may 
occur as scattered grains, or forming oolites (Fig. 137).° It has also 
been noted as a decomposition product of porphyrite in Japan.’ 

Wherry, who suggests that the material be called diasporite, checked 
its optical properties (biaxial, with indices = 1.70 and 1.75). 

R. Wohlin § gives the following loss of water on dehydrating diaspore. 


Loss or WaTER By D1IAsporRE ON HBATING 


Tempera- Per cent Tempera- Per cent Tempera- Per cent 
ture °C H.0 lost ture °C H;0 lost ture ° C H.0 lost 
150 .02 400 32 600 14.48 
200 10 450 1.40 650 14.47 
250 10 500 6.62 700 14.52 
300 22 550 12.09 | Ignition 14.82 
350 22 | 


1 Shearer, H. K., Ga. Geol. Surv., Bull. 31, 1917. 

2 Trans. Amer. Ceram. Soc., XIV, 301, 1912. 

3 Jour. Geol., XXV, p. 515, 1917. 

4 Amer. Jour. Sci. (4), XLIII, p. 140, 1917. 

5 Memoirs Geol. Surv. Scot., p. 12, 1922. 

6 Wherry, E. T., Amer. Mineralogist, HI, p. 154, 1918, and Somers, R. E., 
U.S. Geol. Surv., Bull. 708, p. 299, 1921; Wysor, D. C., Jour. Amer. Ceram. Soc., 
VI, p. 501, 1923; Howe and Ferguson, Jour. Amer. Ceram. Soc., VI, p. 496, 1923; 
Phelps, 8. M., ibid., IX, p. 659, 1926. 

7 Jour. Jap. Ceram. Assoc., XXXII, p. 251, 1924. 

8 Sprechsaal, XLVI, p. 767, 1913. 
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The heating curve shows much greater absorption of heat between 
540° and 565° C., and this checks in a general way with the temperature 
at which the greatest amount of water is lost." 

Comparison of aluminum hydrates.—It is of interest in this connec- 
tion to give the chemical analyses and several physical properties of 
some diaspore, bauxite and gibbsite clays as determined by R. M. 
Howe and R. F. Ferguson.” 


ANALYSES AND PuysrcaL PRopERTIES OF DIASPORE AND GIBBSITE CLAYS 


I II iH IV V VI Vil 
IP aiTLAVOOE Spm eaciomaend ocd ob ac 28.08] 17.90] 13.74) 13.14] 9.88) 14.98] 14.24 
SOs ena eeeeteces sustt the eater 9.70} 18.90] 13.96} 20.50) 1.36) 17.84) 5.34 
(AV OR i aoe ae nea ee 56.31] 52.48] 67.21] 60.89] 60.66) 61.98) 73.70 
esOseascecice oie ere schemes 3.10] 4.39] 0.75) 0.55) 23.55) 0.47) 2.28 
AWORSs oon eeee cot ane aaa s 2..09|* 2.68) °3.22) 3.14) 3285)" 2285| 325g 
CaO sec ee ae eer enn as 0.22} 3.17; 0.22) 0.43) 0.22) 0.22) 0.40 
IMI gO) 2 Sa seen eee etna oa easee tsk 0.52} 0.40} 0.36} 0.31] 0.50} 0.79) 0.16 
ATKALIOS eee mister ener eee 0.49) 0.43] t.16) 1.34) 0-37) 0.38) Orbs 
Total fe pee eater 100.51}100.35)100 .62}100.30)100.39|100. 51100. 24 
USLOn) POlMtlCOMeS remnant 41 34 42 40 42 40 42 
Shrinkageweass shear ae ee 8.3 5.5 | 11.6 faye I Reyer Sal Shere ||, 
IPOS, GONG SB ya coanwoccon: 59.6 | 47.1 | 45.4 | 40.3 | 53.1 | 48.0 | 49.0 
JETRO, COME US oop conncncs 42.9 | 31.7 | 38.8 | 36.7 8.9 | 31.8 | 46.3 
Burning shrinkage to cone 3....| 18.0 | 12.7 S212 2a Zee Ord 1.3 
Burning shrinkage to cone 18. .| 42.6 | 30.8 | 29.9 | 16.3 | 55.2 | 38.2 | 16.3 
SOULCE ree eat iar ga eee ear ries Ark. |France| Mo. | Mo. |France|France| Mo. 


According to R. Wohlin,? there are three types of bauxites distin- 


guishable by their heating curves and dehydration temperatures as 
follows: 


1. Dehydration temperature 540° C. (1004° F.), ignition loss 12-14 
per cent and with about same composition as diaspore. 

2. Dehydration temperature about 310° C. (590° F.), with ignition 
loss 27-35 per cent. Composition same as gibbsite. 

3. Dehydration temperature partly like 1 and partly like 2, ignition 
loss about 20 per cent. Mixtures of 1 and 2. 


*See also Kumazawa, J., Jour. Chem. Ind., Tokyo, XXIII, p. 236, 1920. 
* Jour. Amer. Ceram. Soc., VI, p. 496, 1923. 
*Sprechsaal, XLVI, p. 781, 1913; see also Bigot, A., Cer., XXVI, p. 56, 1923; 


Kurnakoy, N. S., and Urazoy, G. G., Ann. Inst. Phys.-Chem. Anal. Leningrad, II, 
p. 296 and 495, 1924. 
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OTHER MINERALS 


Quartz.—This mineral is found in at least small quantities in nearly 
every clay, whether residual or sedimentary, but the grains are rarely 
large enough to be seen with the naked eye. They are translucent or 
transparent, usually of angular form in residual clays and rounded or 
subangular in sedimentary ones. The quartz grains may be colorless, 
but are more often colored superficially red or yellow by iron oxide. 
Nodular masses of amorphous silica, termed chert or flint, are found in 
some clays. These are not uncommon in many residual clays of the 
southeastern States, and sometimes appear to have developed in con- 
nection with weathering. Quartz pebbles are by no means rare in many 
sedimentary clays of Mesozoic or Pleistocene age; indeed, most of the 
sand-grains found in the coarse, gritty surface clays of sedimentary 
character are quartz. This mineral also forms most of the hard pebbles 
found in the so-called “ feldspar’ beds of the Woodbridge district of 
New Jersey.! 

Both quartz and flint are highly refractory, being fusible only at 
cone 35 of the Seger series (see Fusibility), but the presence of other 
minerals in the clay may exert a fluxing action and cause the quartz 
to soften at a much lower temperature. 

The amount of quartz in clays varies from under 1 per cent in 
some kaolins or fire-clays to over 50 or 60 per cent in some very sandy 
brick-clays. 

Feldspar.—This mineral is nearly as abundant in some clays as 
quartz, but, owing to the ease with which it decomposes, the grains are 
rarely as large. 

There are several species of feldspar, which vary somewhat in their 
chemical composition, and are known by different names, as shown 


below. 
CoMPOSITION OF FELDSPARS 


Chemical composition 


Feldspar species 
SiO, Al,O3 K,O NazO CaO 


Orthoclase..... 64.70 | 18.40 | 16.90 

(A biteaeeeser ae OO) || POW. cocea- 12 12 
Oligoclases..)..-| 62.00) }7 24.00) as: 9 5 
Ibabradomcenene |foonOOl | BO R00 er sea: 4 13 
Aortic ee. AAS PK LO eh Bare SOLON, cece icney Oanillo: eeneechoe 20 


1 Ries and Kiimmel, N. J. Geol. Surv., Fin. Rept., VI, p. 468, 1904. 
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The fusing-point of feldspar is about cone 9 (see Seger Cones, under 
Fusibility), but the different species vary somewhat in their melting- 
points. The feldspar grains may, however, begin to flux with other 
ingredients of the clay at a much lower temperature. (See under 
Alkalies.) The feldspars weather rather easily. Plagioclase is usually 
less resistant than orthoclase, and this in turn apparently less so than 
microcline.! 

The addition of feldspar to aluminous fire-clays of high porosity at 
900° C. and short porosity range, was found to diminish the shrinkage 
up to 1000°-1100°C. Increasing the feldspar reduced the porosity at 
temperatures exceeding 1100°-1200° C.? 

Wilson states that between feldspar and kaolin there seems to be 
a eutectic at 2-3 per cent kaolin, and another and much greater one at 
about 10 per cent kaolin. Near these eutectics the rate of deformation 
is much faster.® 

Mica.—This is one of the few minerals in clay that can often be 
detected with the naked eye, for it occurs commonly in the form of thin, 
scaly particles whose bright, shining surface renders them very con- 
spicuous, even when small. Very few clays are entirely free from mica, 
even in their washed condition, for, on account of the hght scaly char- 
acter of the mineral, it floats off with the clay particles. Some clays are 
highly micaceous, but such are rarely of much commercial value. 

There are several species of mica, all of rather complex composition, 
but all silicates of alumina, with other bases. Two of the commonest 
species are the white mica or muscovite, HsKAIs(Si04)3 = (SiOQe2 45.2, 
Al2O3 38.5, KeO 11.8, H2O 4.5), and the black mica or biotite 
(H1K)2(Mg,Fe)2(Al,Fe)2(Si04)3. Of these two, the muscovite is the 
most abundant in clay, because it is not readily attacked by the weath- 
ering agents. The biotite, on the other hand, decomposes much more 
rapidly on account of the iron oxide which it contains. Other species 
of the mica group are no doubt present in some clays. The effect of 
mica in burning is mentioned under Alkalies. 

Fine-grained muscovite (sericite) has been noted by several writers 
who have examined clays microscopically,* although some, like Ber- 
trand, have asserted that true mica ® does not frequently occur in clays. 


1 Clarke, F. W., and Steiger, G., U. S. Geol. Surv., Bull. 167, 1900. 

* Wirth and Turner, Jour. Soc. Glass Technol., IV, p. 397, 1920. 

* Trans. Amer. Ceram. Soc., XV, p. 217. 

*Galpin, 8S. L., Trans. Amer. Ceram. Soc., XIV, p. 301, 1912; Somers, R. E., 
U.S. Geol. Surv., Bull. 708, p. 292, 1921; Schurecht, H. G., Jour. Amer. Ceram. 
poe., V, po, L912: 

* Recherches et inventions, IV, p. 825-33 and 841-51, 1923. 
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It is probable, however, that many of the micaceous minerals found in 
clay had best be called hydromica. 

Stuckey,’ in making a comparative study of sericite and pyrophyllite, 
ran a series of dehydration tests on the two minerals, the results of 
which are given below. 


DEHYDRATION TEMPERATURES OF SERICITE AND 
PYROPHYLLITE 


Loss of water in per cent 
Temperature 
Sericite Pyrophyllite 

DOO 00) Ou @ ayaa 222 .98 
COO OO GiGae mare: iL aye 1.84 
TOURS Casco a gee .39 1.47 
TO0=800 5 Creo hk shes 40 18 
DOO SCA meee tr ee enaeeet 2 20 
4.34 5.24 


From the above figures it will be noted that the pyrophylite seems 
to lose its water at a slower rate than the sericite. 

Some writers have endeavored to determine the percentage of mus- 
covite in a clay from its chemical analysis, but this is far from safe for 
the reason that there is no means of knowing what proportion of the 
potash determined on analysis is present as a constituent of muscovite, 
of orthoclase, or as an adsorbed compound. 

Mica if abundant and in megascopic grains seems to reduce the 
plasticity of the clay, but if the grains are microscopic their effect in 
this direction is less noticeable. It may also reduce the fusion. Accord- 
ing to Rieke muscovite alone has a fusion point equivalent to Cone 13. 

When mixed in a clay muscovite appears to act as a flux at different 
temperatures, according to the size of the grains. If very finely ground, 
the mica appears to vitrify the body at as low a temperature as Cone 4,* 
but if the scales are larger they will retain their individuality up to 
Cone 8, or even 10. The latter is true, for example, of the micaceous 
clay found in the Miocene formation around Woodstown, N. J., a large 
amount of which is composed of white mica.* 


1 Jour. Amer. Ceram. Soc., VII, 735, 1924. 

2 Sprechsaal, XL, p. 577, 1908. 

3 Trans. Amer. Ceram. Soc., IV, p. 255. 

4 Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 68, 1904. 
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It was found that if 60 per cent muscovite is added to Zettlitz kaolin, 
its fusion point was reduced from Cone 35 to 31. 

Lepidolite occurs in some clays, as evidenced by the small amounts 
of lithia which have been occasionally noted.' 

Hydromica.—This is. a distinctly micaceous mineral whose single 
and double refraction are higher than those of kaolinite, yet not so high 
as muscovite. It is therefore assumed that there is an isomorphous 
gradation between muscovite and kaolinite, which is marked by a grad- 
ual loss of potash and addition of water, and therefore in the process of 
weathering hydromica may represent a transition stage towards kaolinite.” 

As has been pointed out by Somers it is probable that the hydromicas 
are much more abundant than is supposed by many and his work indi- 
cates the mineral to be exceedingly common in many clays. A large 
proportion of it does not appear though to reduce the refractoriness to 
any considerable degree. 

Hickling * has pointed out that the washed china-clay of Cornwall 
is made up of 90 per cent kaolinite and mica, but that the relative 
amounts of the two are difficult to estimate. While he refers to the 
mica as muscovite he remarks that it may be hydrated, and quotes 
from the observations of Johnstone * who found that muscovite changed 
to hydromuscovite after immersion in pure water or carbonated water 
for twelve months. 

Hydrous Iren oxides.—Hydrous iron oxide is a common constituent 
of many clays. Its presence when in a finely divided condition is shown 
by the yellow or brown color of the material, in which case it may be 
present as a film on the surface of the grains, or possibly adsorbed by 
them. At other times it may occur as concretionary masses of varying 
purity and shape, or as stringers and crusts extending through the clay 
in different directions. The beds of sandstone found in many sand or 
gravel deposits associated with some clays, are caused by hydrous-iron 
oxide cementing the grains together. 

The hydrated oxide is usually referred to as limonite (and it is used 
in that sense in this book), but it might include any one of those hydrous 
iron oxides usually described in the text-books, viz.: Turgite 
(Fe203-3H2O), Goethite and Lepidocrocite (Fe203-H20), Hydro- 
goethite (Fe203-$H2O), Limonite (Fe203-3H20), Xanthosiderite 
(Fe203-2H20), and Limnite (Fe203-3H20). 


1N. W. Lord, Amer. Inst. Min. Eng., Trans., XII, 505. 

*Somers, R. E., U.S. Geol. Surv., Bull. 708, p. 298, 1921. 

3 Inst. Min. Engrs. (Hng.), Trans., XX XVI, 1908-9. 

‘Jour. Geol. Soe. London, XLV, p. 363, 1889; see also Bayley, Econ. Geol., 
XV, p. 236, 1920. 


IRON MINERALS 91 


Posnjack and Merwin! state: ‘“ Of these goethite alone has been 
well defined physically, and chemically. Descriptions of lepidocrocite 
(rubinglimmer) leave a doubt as to its identity with goethite, although 
Lacroix * makes a definite optical distinction. Hydrogoethite has been 
supposed to contain more water than goethite but in its optical proper- 
ties is said to be similar to lepidocrocite. The other names in the list 
have been given because of certain indefinite physical differences asso- 
ciated with plausible but not well-established chemical formulas.”’ 

According to these same authors the only existing hydrate is a ferric 
oxide monohydrate, Fe203-H20, which occurs in two polymorphic 
forms, goethite and lepidocrocite, and in an amorphous condition, 
limonite. The latter name they retain for ‘ material which appears 
to be essentially isotropic ferric-oxide monohydrate with adsorbed 
capillary water. However, this substance should not be considered a 
distinct form of ferric oxide monohydrate as the real nature of such 
substances is uncertain.” 

Dehydration curves given by Posnjak and Merwin indicate that in 
two specimens of turgite, the loss was a gradual one up to a maximum 
of about 250° C. in one case, and about 350° C. in the other. The other 
samples which they tested ail showed a strong loss between approxi- 
mately 150-250° C., after which there was very little. 

It was further found that the hydrous iron oxides were capable of 
rehydration. Thus, after dehydrating, the substance was left to come 
to constancy in the room. It was dehydrated again as before, and it 
was found that the amount of water taken up in the room, was roughly 
equal to the amount lost in the first portion of the dehydration curves. 

The slow dehydration of the turgite, leads to the opinion that it is 
essentially different from the other hydrated ferric oxides, and the 
authors suggest that it probably represents “ solid solutions of goethite 
with hematite together with enclosed and adsorbed water.” 

The hydrous iron oxides are most abundant as a rule in surface 
clays, especially those which are of a sandy character or sufficiently 
porous to admit the oxidizing waters from the surface. They are like- 
wise common in the weathered outcrops of many shales, and in residual 
clays. 

Concretions of hydrous iron oxide can often be removed by hand 
picking. If left in the clay they cause fused blotches which are un- 
sightly and sometimes even cause splitting of the ware. 

Hematite, the oxide of iron, is of a red color and may be found in 


1 Amer. Jour. Sci. (4), XLVII, p. 311-348, 1919. 
2 Mineralogie de la France, 3, 360. 
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clays, but it changes readily to limonite on exposure to the air and in 
the presence of moisture. 

Magnetite, the magnetic oxide of iron, forms black magnetic grains, 
and, while not common, is sometimes found when the material is exam- 
ined microscopically. Like the hematite, it changes to limonite. 

Siderite, the carbonate of iron, may occur in clay in the following 
forms: 1. As concretionary masses known as clay-ironstones, ranging 
in size from a fraction of an inch to several feet in diameter. They are 
very abundant in some Carboniferous shales, and are often strung out in 
lines parallel with the stratification of the clay. If near the surface, 
the siderite concretions often change to hydrous iron oxide. 2. In the 
form of crystalline grains, scattered through the clay and rarely visible 
to the naked eye. 3. Asa film coating other minerals in the clay. This 
mineral will also change to limonite if exposed to the weather. 

When iron carbonate is in a finely divided condition and evenly 
distributed through the clay it may give it a blue or slate-gray color. 

Siderite may be present in some surface clays, but it is probably of 
greatest importance in shales, notably those associated with coal-seams, 
and may occur in either finely divided (disseminated) or coneretionary 
form. It loses its carbon dioxide about 700° C. 

Pyrite! (FeS2 = Fe 46.6 per cent, S 53.4 per cent).—This mineral, 
which is not uncommon in some clays, can be often seen by the naked 
eye, and is known to the clay-miners in some districts as sulphur. It 
has a yellow color, metallic luster, and occurs in large lumps, small 
grains or cubes, or again in flat rosette-like forms. Not infrequently it 
is formed on or around lumps of lignite, showing quite clearly that the 
carbonaceous matter has reduced some iron sulphate present to sulphide. 
It is a familar object to all clay-miners of the Raritan district of New 
Jersey, and abundant also in many Carboniferous clays. 

When exposed to the weather pyrite alters rather easily, first to the 
sulphate of iron and then to limonite. Clays containing pyrite are not, 
as a rule, desired by the clay-worker, and in mining the pyritic material 
is rejected, 

Pyrite may be found in almost any clay or shale, but owing to the 
ease with which it is converted into limonite its formation or permanence 
in surface clays is rare. 

Calcite (CaCO3 = CaO 56.00 per cent, CO2 44.00 per cent).—This 
mineral, when abundant, is found chiefly in clays of recent geological 
age, but some shales also contain considerable quantities of it. It can 
be easily detected, for it dissolves rapidly in weak acids, and effervesces 


1In some clays this may be marcasite, the orthorhombic form of FeS>. 
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violently upon the application of a drop of muriatic acid or even vinegar. 
It is rarely present in grains large enough to be seen with the naked eye, 
but has been detected with the microscope.' It is also possible that the 
lime carbonate in clays may be in colloidal form. 

In some clays calcite, as well as some other minerals, may form con- 
eretions. Many of the lacustrine and glacial clays found in Wisconsin 
and Michigan contain large quantities of lime carbonate, and some of 
those found in other states are highly caleareous. The flood-plain clays 
mentioned under Texas often carry a high percentage of carbonate of 
lime. 

Residual clays derived from limestone may contain fragments of the 
parent rock which has not been completely weathered. 

Aragonite.—It is not known how abundant this form of calcium 
carbonate is in clays. A layer of aragonite crystals has been described 
in the upper Triassic clays of eastern Corbieres.? 

Dolomite.—This is only occasionally referred to as a constituent of 
clay, and is rarely present in large amounts. 

A peculiar type of clay has been described by Ries from Texas ® 
which was made up almost entirely of rhombs of dolomite, .008 mm. 
across. The material was loess-like in character, but possessed suffi- 
cient plasticity to permit molding. 

Gypsum (CaSO4-2H20 = CaO 32.6 per cent, SOs 46.5 per cent, 
H20 20.9 per cent).—It is doubtful whether this mineral is widely dis- 
tributed in clays, but it is true that some deposits contain large quanti- 
ties of it. It may occur in a finely divided condition, or in the form of 
crystals, plates, or fibrous masses of selenite. 

Many shale formations may contain selenite in the form of concre- 
tions, plates, or crystals, and the outcrops are sometimes strewn with 
them. This is a common occurrence in some of the shales of the western 
United States and Canada. In the east the Salina shale of New York, 
the Lulbegrud shale of central Kentucky, and some of the clays of the 
Atlantic coastal plain also exhibit it. 

Gypsum when heated to a temperature of between 250° and 400° 
I’., loses three-quarters of its water of hydration. 

Montgomery and Graves,* on heating crystalline gypsum, pulverized 
to pass a 100-mesh sieve, found that it lost no water up to 100° C., but 
that if held four hours between 105° and 107° it lost 20.7 per cent or all 


1 Wheeler, Mo. Geol. Surv., XI; Buckley, Wis. Geol. and Nat. Hist. Survey, 
sulk, WHOL, Jens Me 

2 Durand, J., Compt. rend., CLVII, p. 59. 

3 Amer. Jour. Sci., XLIV, p. 316, 1917. 

4 Trans. Amer. Ceram. Soc., XVIII, p. 214-222, 1916. 
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of its water. There was no further loss on raising the temperature. 
The authors claim there is no such compound as CaSO: 3H20. 

The S03, in gypsum-clay mixtures, according to Kramm,' is driven 
off gradually at temperatures up to cone 1. Beyond this point evolution 
of the gas is rapid. All the SO3 may be driven off at about 1100° C. 

This dissociation temperature of CaSOq can, it is claimed, be lowered 
by SiOz and Fe20s, to 1000° C. and 1100° C. respectively.” 

Rutile.—This appears to be a wide-spread mineral in clays, but never 
occurs in large amounts or in large grains. It usually is observed in the 
form of microscopic grains or needles, which according to Somers # 
range from about .001-.010 mm. diameter, with the length five or six 
times the width. They have also been noted by other writers.* 

Somers states that the rutile grains appear to be unaffected even 
after the clay has been fired to a temperature of 1300° C. 

It is possible that some of the titanium in clay may be due to some 
other titanium-bearing mineral such as ilmenite, leucoxene or titanite, 
but they have been rarely recorded. 

Tourmaline.—Since this mineral is not an uncommon constituent of 
many pegmatites, it is sometimes found in kaolins derived from them, 
the writer having occasionally noted some good-sized erystals in the 
clay. 

The mineral has also been observed in small grains in many other 
clays of both residual and transported character. 

Somers ° found on making a comparison of raw tourmaline-bearing 
clays, with fired ones, that the tourmaline seemed to have disappeared 
above 1150° C. Bayley states that it weathers to ferriferous minerals. ® 

Glauconite, a hydrous silicate of potash and iron, is a common 
ingredient of some clays. Its composition is often somewhat variable, 
and it may contain other ingredients as impurities. Thus a sample 
from New Jersey analyzed: “ Silica 50.70 per cent, alumina 8.03 per cent, 
iron oxide 22.50 per cent, magnesia 2.16 per cent, lime 1.11 per cent, 
potash 5.80 per cent, soda 0.75 per cent, water 8.95 per cent. It is an 
easily fusible mineral, and hence a high percentage of it is not desired in 
a clay. It is found in the Clay Marl formations of the New Jersey 


1'Trans. Amer. Ceram. Soc., XIII, p. 689, 1911. 

* Hofman and Mostowitch, Chem. Age., II, p. 194, 1920. 

SU. 8. Geol. Surv., Bull. 708, p. 299, 1921. 

*Teall, J. J. H., Min. Mag., III, p. 201; Ladd, G. E., Amer. Geol., XXIII, 
p. 240, 1899. 

°U. 8. Geol. Surv., Bull. 708, p. 300, 1921. 

® Keon. Geol., XV, p. 236, 1920. 

™N. J. Geol. Surv., Fin. Rept., VI, p. 46, 1904. 
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Cretaceous,’ and in the Kocene formations of Maryland 2 and other 
coastal plain states. 

Hornblende and Garnet.—These are both silicate minerals of com- 
plex composition, which are probably present in many impure clays, 
but their grains are rarely larger than microscopic size. Both are easily 
fusible, and weather readily on account of the iron oxide in them, and 
therefore impart a deep-red color to clays formed from rocks in which 
they are a prominent constituent. 

Garnet in fair-sized grains has been noted by the writer in some of 
the North Carolina kaolins. 

Vanadates, though not common in clays, may cause discoloration. 
In Germany they have been found in clays associated with the lignites, 
and also in some fire-clays,® and they occur in the clays of other countries. 
Clays containing soluble vanadates, if not burned at a sufficiently high 
temperature, will show on the surface of the ware a green discoloration 
which, though it can be washed off with water, will continue to return 
as long as any of the salt is left in the brick. Vanadates may be rendered 
insoluble by burning the clay to a point of vitrification.* 

Wavellite—This mineral, which has the formula Alg(OH)6(PO.)4 
+ 9H2O, has been found in the white clay associated with manganese 
and iron ores on the northern slope of South Mountain, near Mt. Holly 
Springs, Pa.° The wavellite which occurs in aggregates of white 
nodules, appears to be limited to a streak of the residual clay 40 to 50 
feet wide. 

Its occurrence has also been mentioned by Hopkins from North 
Valley Hill in Chester County, Pa.® 

Manganese oxides.—These occur in many clays in small amounts, 
and when determined are found to rarely exceed 1 per cent. In some 
residual clays the manganese has been sufficiently concentrated to be 
worth collecting. 

Vivianite (Fe2P20s + 8H20 = FeO 43 per cent, P2O5 28.3 per cent, 
HO 28.7 per cent) has not been described as a common constituent of 
clay. It has been noted in certain Pleistocene clays of Maryland,’ in 
which it occurs as small blue spots. The mineral has also been described 
as occurring in the form of bluish black stains, of spherical to elliptical 


aSlibides oslo: 

2 Md. Geol. Surv., Eocene, p. 52, 1901. 

3 Seger, Ges. Schrift, p. 301; also Tonindus.-Zeit., 1877, No. 46, p. 53. 
4 Tbid. 

5G. W. Stose, U. S. Geol. Surv., Bull. 315, p. 474, 1907. 

6 Ann. Rept. Pa. State Coll., 1889-1900, Appen. 3, p. 13. 

™Md. Geol. Surv., IV, p. 228, 1902. 
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form on a light gray fire-clay at Claybank, Saskatchewan. The stains 
show a banded structure! It is not known what effect large quantities 
of it might have on the clay. 

Rare elements.—Lven such rare elements as cerium, yttrium, and 
beryllium oxides have been determined in some clays.2, Another writer 
mentions molybdenum, copper and cobalt.® 

Topaz.—This mineral is sometimes found in pegmatites, and so 
might be present in kaolin resulting from their decomposition. C. E. 
Miller has informed the author that he has found large quantities of it 
in the sandy residue obtained from the washing of some North Carolina 
kaolins. 


1Stansfield, J., Geol. Mag., LIX, p. 356, 1922. 

2 J. R. Strohecker, Jour. prakt. Chem. (2), XX XIII, p. 132; Abs. Jour. Chem. 
Soc., L, p. 314, 1886. 

3 Deutsch. Tépf. u. Zieg. Zeit., 1880, p. 367, and 1881, p. 387. 
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CHEMICAL ANALYSIS OF CLAY 


THERE are two methods of quantitatively analyzing clays. One of 
these is termed the ultimate analysis, the other is known as the rational 
analysis. 

The ultimate analysis.—In this method of analysis, which is the one 
usually employed, the various ingredients of a clay are considered to 
exist as oxides, although they may really be present in much more com- 
plex forms. Thus, for example, calcium carbonate (CaCOs), if it were 
present, is not expressed as such, but instead it is considered as broken 
up into carbon dioxide (COz) and lime (CaO), with the percentage of 
each given separately. The sum of these two percentages would, how- 
ever, be equal to the amount of lime carbonate present. 

The ultimate analysis of a clay might be expressed as follows: 


SiliGaae kee oe (SiOz) 
Alumina ete ee (AloO3) 
Ferric oxide... . . (Fe203) 
Ferrous oxide... (FeO) 
Fluxing impurities Lane ee es a) 
: ; Magnesia....... (MgO) 
: Potash. (K20) 
MES foe AD aie (Naz2QO) 


Titanic oxide... . (TiO) 
Sulphur trioxide. (SOs) 
Carbon dioxide. . (COg) 


Organic matter. 


Water arene at) (H20) 


In most analyses the first eight of these, excepting the fourth, and 
the last one are usually determined. The percentage of carbon dioxide 
is small, except in very calcareous clays, and therefore commonly 
remains undetermined. ‘Titanic oxide is rarely looked for, except in 
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fire-clays, and even here its presence is frequently neglected. Since 
the sulphur trioxide, carbon dioxide, and water are volatile at a red 
heat, they are often determined collectively and expressed as “loss on 
ignition.’”? If carbonaceous matter, such as lignite, is present, this also 
will burn off at redness. To separate these four, special methods are 
necessary, but they are rarely applied, and in fact are not very necessary 
except in calcareous clays or highly carbonaceous ones. The loss on 
ignition in the majority of dry! clays is chiefly chemically combined 
water. The ferric oxide, lime, magnesia, potash, and soda are termed 
the fluxing impurities, and their effects are discussed under the head of 
Iron, Lime, Magnesia, etc., and also under Fusibility in Chapter V. 

All clays contain a small but variable amount of moisture in their 
pores, which can be driven off at 100° C. (212° F.). In order, therefore, 
to obtain results that can be easily compared, it is desirable to make 
the analysis on a moisture-free sample which has been previously dried 
in a hot-air bath. This is unfortunately not universally done. 

Interpretation of ultimate analysis.—Much has been said for and 
against the usefulness of the ultimate analysis of a clay to be used for 
the manufacture of burned clay wares,” but whatever the predominating 
opinion, ultimate analyses are still made. Many ceramists see little 
need for the chemical analysis except in special cases, while other per- 
sons, not all ceramists, attempt to make all sorts of interpretations 
from it. One defect of the ultimate analysis is that it gives little 
information regarding the physical properties of the clay, and these 
are all important. It might also be reasonably argued that even in 
the case of those physical properties which are shown by the analysis, 
their determination is often more easily accomplished by other and 
simpler tests. The ultimate analysis often lacks also some of the 
value which it might possess, through neglect to determine separately 
such substances as titanium oxide, sulphur trioxide, carbon and ferrous 
iron. 

Attempting to regard the matter from a fair and conservative stand-_ 
point, it would seem that the following data are obtainable from the | 
ultimate composition, remembering, however, that there may be excep- 
tions to every case, which do not necessarily render the conclusions 
worthless. 

1. The purity of the clay, showing the proportions of silica, alumina, 
combined water and fluxing impurities present. High grade clays often 


’ This means dried at 100° C. until their weight is constant. -See under Moisture. 
3 : : : agpee : 
* Clay for Portland cement is not considered, of course, in this discussion, as 
every one admits the necessity of chemically analyzing such material. 
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show a percentage of silica, alumina and chemically combined water 
approaching quite closely to kaolinite.! (See analyses I and II 
below.) 

2. The approximate refractoriness of a clay; for other things being 
equal, a clay with high total fluxes, is commonly less refractory than 
one with low total fluxes. In this connection it is to be remembered 
that texture, irregularity of distribution of the constituents, and 
condition of kiln atmosphere are among conditions affecting the 
result. 

3. The color to which the clay burns. This must be judged with 
caution. Assuming the constituents to be evenly distributed, then a 
clay with 1 per cent or less of ferric oxide is likely to burn pure white, but 
at high temperatures titanium if present produces discoloration. One 
with 2-3 per cent of ferric oxide is likely to burn buff; one with several 
per cent or more of ferric oxide will usually burn red if there is no 
excess of lime or alumina.” It should be remembered that condition 


of the kiln atmosphere, texture of the clay, and sulphur in the fire-gas | 


may all affect the results. 

4. The quantity of chemically combined water. Clays with a large 
amount sometimes show a high shrinkage, but there are many exceptions 
to this. 

5. Excess of silica. A high percentage of silica (80-90 per cent) may 
indicate a sandy clay, and possibly one of low shrinkage, but does not 
necessarily point to a very lean one. High silica in a fire-clay usually 
shows moderate refractoriness provided it is evenly distributed. 

6. Organic matter. This should be determined, as it causes trouble 
in burning if present to the extent of several per cent,® requiring thor- 
ough oxidation in firing before the clay is allowed to pass to the vitri- 
fication stage. 

7. Sulphur trioxide. Since this may be the cause of swelling in 
improperly burned wares, and also indicate the presence of soluble 
sulphates, it should always be determined.* 

8. The presence of several per cent of lime and carbon dioxide 
shows the clay to be of calcareous character, and not only often of 
buff-burning character, but with a narrow margin between vitrification 
and viscosity, 


1 Exceptions would be those containing other hydrous silicates, such as halloysite 
or aluminum hydrates. 

2 See Iron, Lime, Alumina. 

3 See Carbon, Iron Oxide, Changes in Burning. 

4 See Sulphur; Sulphates. 
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9. Titanium dioxide should be determined, especially in fire-clays, 
for, as has been shown by the author,! a small quantity may reduce the 
fusion point of fire-clay several cones. 

It might seem from the above, that the ultimate analysis yields 
us much, and yet it leaves us practically in the dark as to the plasticity, 
air and fire shrinkage, density and hardness of burning, transverse 
strength, or other physical properties, and nothing very definite as to the 
mineral composition. 

Two clays which show marked resemblance in their chemical 
composition may show a wide divergence in their physical pro- 
perties. 

As an illustration of this we have the two following clays from 
Harrisburg, Tex., which form different beds in the same bank. Their 
characters are given in parallel columns. 


Silieas(S1O>) ease ee eee 80.39 80.84 
PH Miowoamnatss (CNOA). 5 ace neneeuoee aco 9.82 8.09 
Herreoxide\(He,©;) ae eee 2.88 2.25 
Icimei(CaO) eee eee eee -42 1.44 
Maron esis (\Vlc@)) ae 45 .26 
Soda (Nias) ieee sn eee eee eee 19 .10 
Potasha(K.O)P eres ee eee lis “Ee: 
chivanicroxacles (hi Os) eee) =30 18 
Wiaters(EsO) nee nee ene eer ee Stil 6.00 
97.61 99.76 

Water required for mixing, per cent... inSys Zi 19.8 
Average tensile strength, pounds per 

square.in chile ae eee eee 188 275 
Air shrinkage, linear, per cent......... 4.8 8.6 
PlasticitVweea tele cone ee eee Fair High 
Divi 8 aioe seis cA co oe ae ee No Cracks 

cracking 

Absorption Cone 5, percent.......... 15.64 8.19 
Steelliard Sere: tess eee eee Cone 9 | Cone 5 


A more interesting contrast could hardly be desired, and it forms 
no exception. 
Variation in chemical composition of clays.—The variation in the 


ultimate composition of clays is well brought out by the following 
analyses: 


1See Titanium. 
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ANALYSES SHOWING VARIATION IN CoMPosITION of CLAYS 
I II a eV? Vv AVAL eaV TI Vea Kexe x 
[a | 
RICH O( SILOS) sists «ce oeisracs « 46.3 | 45.70/57 .62/59.92) 68.62/82.45/54.64] 38.07| 90.00] 47.92 
Alumina (AloO3)........... 39.8 | 40.61/24.00/27.56] 14.98/10.92/14.62 9.46! 4.60) 14.40 
erric oxide (Fe;O3). ......}sicc0 1,39) 1.9 | 1.03) 4.16) 1.08] 5.69) 2.70) 1.44) 3.60 
merous oxide (PEO) so... ie} ees alloc esas 12) 
BRNO BCA O) ie sfesk. vsus ca dole oiellls eee os 5% .45 iC pho bee 1.48 22) 5.16! 15.84 10] 12.30 
Mtarnesia (MgO)... 5. cee oslo es .09} .3 | Tr. 1.09 96| 2.90) 8.50 10} 1.08 
eo tashaGK5O) 2... see dae nc Nemes 2782) 35 } 1.20 
BO) ec ces Nratah alice & ey eae at ees: Oye eines 5.89) 2.76] Tr. | 11 55 
iritanie oxide (TiO.)....... (oe tooo |/bS cella on|leosedl lata ec AENOO cn onatellletoetorets ZO 22, 
Bvieber (Ee @©)) . 2.545 cee we we 13.9 S98)1055 | 9970) 3.55) 24 193.74 \ 2.49] 3.04 4.85 
MITER S Consortia oaiSee tel eaneite AAS) Dorf || Wot) Derelesane i J 
Pe erOUITC LOKI On (COs) heat sco) Visnatey «| are ters egh ter cissaveil exersi ore |isveca, ovens \ersiete A580) 20546)|) een 9.50 
Bulphir trioxide: (SO3)\5..5 ss) .sees sles ooh < SB. Metrstaicobe Ices cus tetera lfscane san) sate e|lheoe cotta sitelll Mendes says 1.44 
Organic matter............ faerosere ets | tet atexreeate|l tn coded feted eneucdl tase fa leullleeavone ei eboce tootsced | Mateae wets 1.34 
Manganous oxide (MnO)...|...... (eeele-aee lla es Be ae Garena: .76 
Bartle ck, reins eas 100.00 100.39 99.97/99.97|100.66 99.03 /99.05 100.28] 99.98/100.35 
| | | | 
I. Kaolinite. VI. Rusk, Cherokee County, Tex. 
II. Kaolin, Webster, N. Ca. VII. Brick shale, Mason City, Ia. 
III. Plastic fire-clay, St. Louis, Mo. VIII. Calcareous clay, Milwaukee, Wis. 
IV. Flint fire-clay, Salinesville, O. IX. Sandy brick-clay, Colmesneil, Tex. 


VY. Loess-clay, Guthrie Centre, Ia. xe 


Blue shale-clay, Ferris, Tex. 


Variations in the same deposit.—Similar differences may not infre- 
quently be shown by the different layers of any one bank, as the follow- 


ing analyses indicate: 


ANALYSES SHOWING VARIATIONS IN THE SAME Deposit 


I JUL Ill 
uber: GSMO) Bi gia.ccuns. doc anaes 59.10 OM 5) boODzZ 
Alumina (Al,03)........ 28.84 17.6 Domi 
Ferric oxide (Fe.O;)..... 1.00 16.6 5 
kimen(@aO) Wena sa see: .70 1.00 6 
Magnesia (MgO).......| None ik al ie 
Rotashn(Kke ©) eeaeneeeaee Trace eS 1.4 
Sodan dNiais ©!) ese een een Trace ‘ghie. DD) 
Titanium oxide (TiO,).. . 87 1 1B 
Wena CsWO)\s 65500 2085. 9.30 tod ial 

99.81 98.6 99.8 


Rational analysis.—This method has for its object the determination 
of the different mineral compounds present in a clay, and several 
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methods have been suggested for making it,' but it must be admitted 
that most if not all of them are unsatisfactory. 

The rational analysis when first introduced was applied only to high- 
grade clays, which were supposed to be made up of “ clay substance ” 
(having the composition of kaolinite), quartz, and feldspar. 

The object of making it was that, knowing the percentages of these 
three constituents of a kao in, one could in substituting another kaolin 
of different rational composition for it, make allowance for this differ- 
ence in the proportions of flint and feldspar that were added to the 
mixture. 

The methods for making the rational analysis were derived with a 
view to separating these components by treatment with acids and alkali 
hydroxides. 

The difficulty with any of these methods is that in the first place, 
many clays are not so simple in their constitution, and secondly, as 
pointed out by Ries, Washington and others,” the different constituents 
show a variable resistance to the chemical reagents, while other varia- 
tions may be due to strength of reagents, temperature, time, size of 
grains, etc. 

H. 8. Washington in criticizing these methods states that they are 
‘“‘ scarcely susceptible of yielding satisfactory duplicate results except 
by chance, and even satisfactory duplication of results cannot be re- 
garded as evidence, still less of proof of their correctness, when the 
methods are seriously faulty.? 

There is much truth in this observation and the faulty nature of 
this method of analysis, is now widely recognized. 

‘Manual of Ceramic Calculations, Amer. Ceram. Soc., Binns, C. F., Zimmer, 
W. H., and Orton, E., Jr., Trans. Amer. Ceram. Soc., II, p. 221, 1900; Bollenbach, 
H., Sprechsaal, 1908, No. 25, p. 340, and No. 26, p. 351; Dorfner, J., Sprechsaal, 
XLVIII, No. 24, 1915; Heath, A., and Green, A. T., Handbook of Ceramic Calcula- 
tions, p. 132, 1922; Jackson and Rich, Jour. Soe. Chem. Ind., XIX, p. 1087, 1900; 
Langenbeck, K., Chemistry of Pottery, p. 8, 1895; Mellor, J. W., London Jour. 
Gas. Lighting, CIII, p. 459, 1908; Mellor, J. W., Quantitative analysis, p. 658, 
1913; Purdy, R. C., Trans. Amer. Ceram. Soc., XVI, p. 359, 1912; Rieke, R., Ber. 
deut. keram. Ges., ITI, pp. 24-30, 1922; Seger, H., Collected Writings, I, p. 50, 1902; 
Stremme, H., Ber. der Tech.-Wiss. Abt. des Verb. ker. Gew. v. Deutschland, II, 
p. 15, 1912; Watts, A. S., U.S. Bur. Mines, Bull. 58, p. 38, 19138; Backe, H., Keram. 
Runds., XXXIV, p. 20, 1926; Archbutt, L., Jour. Soc. Chem. Ind., XI, p. 215, 1892. 

* Ries, Trans. Amer. Ceram. Soc., IX, p. 772, 1907; Washington, Jour. Amer. 
Ceram. Soc., I, p. 405, 1918; Langenbeck, Chemistry of Pottery, p. 3-12; Seger, 
Collected Writings, I, p. 53 and 543; Jackson and Rich, Jour. Soe. Chem. Ind., 
Dec. 31, 1900, p. 1087; Galpin, 8S. L., Trans. Amer. Ceram. Soc., XIV, p. 334, 1912; 
Zschokke, Baumaterialienkunde, VII, p. 165, 1902; Tilley, G. 8., and Sullivan, 
J. D., Jour. Amer. Ceram. Soc., VIII, p. 379, 1924. 

® Jour. Amer. Ceram. Soe., I, p. 405, 1918. 
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However, in former years, before the mineralogy of clays, and the 
varying results produced by reagents under different conditions were 
understood, the rational analysis was widely used, and many sincerely 
believed in its value. 

A second possible method of determining the rational composition 
of a clay is by calculation from the ultimate analysis. 

This has been discussed in some detail by Washington,! who used 
the method-employed by petrographers to figure out from the chemical 
analysis the mineral composition of rocks made up of silicate minerals. 

In this calculation the potash is assigned to orthoclase feldspar, 
any soda present to albite, and lime usually to anorthite. The remainder 
of the alumina is then assigned to kaolinite, while any silica left over is 
figured as quartz. Iron oxide is calculated as limonite. There is 
given below an ultimate analysis of a crude kaolin from Webster, N. C., 
and its rational analysis as made by one of the conventional methods, 
as well as the rational analysis calculated by Washington. 


Ultimate analysis Rational analysis made Hemonel annie 
calculated * 

SMKOb A goatee 62.40 | Clay substance.. 66.33 | Kaolinite........ 61.92 

NAO eee 2651 | Feldspar.s.,...- 18.91 | Orthoclase. 5.56 

ep Oem cerkca eata: Ua Quartz erence eee 15.61 | Anorthite.. 2.74 

CHO paca Dd == 

INE Os aeieve aimee eee .O1 100.85 Total feldspar.. 8.30 

PNK AICS a. b ccace ness .98 (QMENWig s sone saec 28.80 

Ignition loss...... 8.80 nim onitienne ieee 1.26 
99.91 100.28 


*Alkalies calculated as KO. 


It will be seen that there is an appreciable difference between the 
results of the two methods, and while one might argue that the labora- 
tory method is likely to be in error, because of influencing factors noted 
above, the method by calculation is equally open to criticism in assuming 
that kaolinite, feldspar and quartz are the dominant minerals. Petro- 
graphic study of clays, especially high-grade ones, the type to which the 
rational analysis has usually been applied, indicates that feldspar is a 
relatively rare constituent, while muscovite or hydromicas may be 
very prominent. 

1 Jour. Amer. Ceram. Soc., I, p. 405, 1918. See also Buckley, EH. R., Wis. Geol. 


and Nat. Hist. Surv., Bull. 7, Pt. I, p. 267, 1901, and Binns, C. F., Trans. Amer. 
Ceram. Soc., VIII, p. 198, 1906. 
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Furthermore there is no knowing how much of certain substances 
like the alkaline earths and alkalies may be present in adsorbed form, 
rather than as constituents of silicate minerals. 

Thus Binns ! has shown that all of the alkali present is not necessarily 
an ingredient of feldspar, but may be free alkali held in the clay by 
adsorption, and removable by dilute hydrochloric acid. Experiments 
made by him showed that the less free alkali a clay contains the more 
it will absorb when allowed to do so. The amount of free alkali found 


+ 


2 
Bs 


Soluble Alkali 


Absorbed Alkali 


Fig. 385.—Diagram showing percentage of soluble and absorbed salts in clays. 
(After Binns, Trans. Amer. Ceram. Soc., VIII.) 


in a series of clays examined ranged from .079 per cent to .22 per cent, 
while the quantity of potassium carbonate absorbed varied from .087 
per cent to .409 per cent (Fig. 35). 
All considered the method of calculating the rational composition 
from the ultimate analysis is not much better than the original one. 
Zschokke ? has suggested a combination mechanical and rational 
analysis, but it is of doubtful superiority to the others already described. 


1 Trans. Amer. Ceram. Soc., VIII, p. 198. 
* Baumaterialienkunde, VII, p. 165, 1902. 
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Even if we have a fairly accurate estimate of the mineralogic composi- 
‘ion of the clay, it still fails to give us much information regarding many 
of its properties, since much depends upon the size of the different min- 
ral grains, and quantity of colloidal matter. 

The following methods for making the ultimate and also the rational 
inalysis of clays have been recommended by the Committee on 
standards, of the American Ceramic Society. 


Meruop or Uurimatre ANALYSIS 


Moisture.—To determine moisture, heat approximately 1 gram of the 
ample at a temperature not under 105 or over 110° C., to constant 
veight. 

Ignition Loss.—To determine loss on ignition, heat about 1 gram of 
he sample over a blast lamp or in an electric furnace at 900 to 1000° C., 
o constant weight. Ignition loss may be determined in the sample 
rom which the moisture has been removed. The percentage of igni- 
ion loss is calculated to a moisture-free basis. 

Szlica.—To determine silica, weigh out approximately 0.5 gram of 
he sample and mix with 5 grams of sodium carbonate. Put a little 
odium carbonate in the bottom of the crucible before introducing the 
pixture, and then cover the mixture with a little more sodium carbonate. 
‘use over a Meker burner or blast lamp until complete solution is 
ybtained. Cool the fusion and as it solidifies, rotate the crucible to 
pread the mass up the side walls. Dissolve the fusion in about 100 ¢.c. 
f water in a platinum or porcelain evaporating dish. Add about 
1) c.c. of concentrated hydrochloric acid, introducing it slowly by means 
f a pipette, keeping the dish covered with a watch glass. Hvaporate 
o dryness and heat until the fumes of hydrochloric acid are gone. 
\dd about 5 ¢.c. of concentrated hydrochloric acid and 30 to 40 ¢.c. of 
vater. Warm on a water-bath for ten to fifteen minutes and break up 
he lumps. Decant the clear liquid onto a filter paper and collect the 
iltrate in a 400-c.c. beaker. Add more hydrochloric acid and water 
o the evaporating dish, warm again and decant. Repeat this a third 
ime. 

Finally transfer the contents of the dish to the filter paper. Wash 
vith cold water until silver nitrate shows no chlorides to be left. Trans- 
er the filtrate to the original evaporating dish, evaporate again to dry- 
ess and wash as before. Transfer to a platinum crucible. Ignite 
arefully over a Bunsen flame until the filter paper is burned off, then 
last for about thirty minutes; cool and weigh. Repeat blasting for 
ive minutes, weigh again and repeat until constant weight is obtained. 
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To the residue in the crucible, add about 5 .c. of water and fiv 
drops of sulfuric acid (the latter to prevent the formation of titaniur 
fluoride). Evaporate to dryness. Again moisten with 5 c.c. of wate 
and five drops of sulfuric acid. Add hydrofluoric acid drop by drop a 
first, and then slowly until the crucible is almost one-half filled. Warr 
on a hot plate until almost dry, add 2 or 3 c.c. more of hydrofluoric aci 
and evaporate to dryness. Heat the crucible to bright redness an 
then blast for five minutes. Cool and weigh and repeat blasting to con 
stant weight. The loss in weight from the original silica residue repre 
sents the actual silica content (SiO2), except for that part of silica whie 
is later recovered from alumina, etc. The residue from the hydrofluori 
acid evaporation is left in the crucible and the total precipitate of alu 
mina, etc., is added to this same crucible in which it is ignited an 
weighed. 

Alumina.—To determine alumina, to the filtrate from the silic 
determination add about 10c.c. of ammonium chloride and heat t 
boiling. Then add ammonium hydroxide very slowly and with cor 
stant stirring until there is a slight excess. Filter hot and rapidly, an 
wash four times by decantation with hot solution of ammonium nitrate 
Carefully wash the precipitate from the filter paper into a beaker 
using hot water. Dissolve the precipitate in hot dilute hydrochlori 
acid. Repeat the precipitation with ammonium chloride and ammc 
nium hydroxide. Decant four times as before, using hot ammoniur 
nitrate. Transfer to the filter paper and wash with hot ammoniur 
nitrate until the washings are free from chlorides when tested by silve 
nitrate. Evaporate the filtrate nearly to dryness, add a little amme 
nium hydroxide and continue the evaporation. Keep the solutio 
alkaline to coagulate any iron and aluminum hydroxides. Transfe 
the precipitate to a filter paper and wash thoroughly. Transfer th 
moist filter paper to the platinum crucible containing the residue from th 
silica. Burn off the filter paper and blast the precipitate. Cool in 
desiccator and then moisten with one drop of nitric acid and hea 
gently until all fumes are gone. Blast again and weigh. Repeat blast 
ing and weighing to a constant weight. 

Iron Oxide.—To determine iron oxide, fuse the ignited alumina pre 
cipitate with about six times its weight of potassium pyrosulfate or potas 
sium bisulfate. Avoid sputtering. Heat carefully to redness and continu 
heating until the residue is all dissolved. Cool. Dissolve in wan 
water, add about 10 ¢.c. of dilute sulfuric acid (1:5). Evaporate t 
a small volume. Then heat to a higher temperature until copiov 
fumes of sulfuric acid are evolved. Sufficient sulfurie acid should t 
present to form a pasty mass when cooled. Evaporate to dryness, filte 
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off, wash, ignite and weigh the silica as before and evaporate with hydro- 
fluoric acid as before. The loss in weight is extra silica to be added to 
the original silica determination and subtracted from the alumina. 
Fuse the residue with a little potassium pyrosulfate or potassium bisul- 
fate, and add the solution of this cake to the main solution. Transfer 
the total filtrate to a 250-c.c. graduated flask and dilute to 250 e.c. mix- 
ing thoroughly. Draw off 50 c.c. of this solution and reserve for titania 
determination. Pass the remaining 200 c.c. through a Jones reductor, 
or otherwise reduce the solution with pure zine and sulfuric acid. To 
the solution add 3 ¢.c. of 10 per cent copper sulfate solution and titrate 
with standard potassium-permanganate solution (1 ¢.c. equivalent to 
0.0001 gram Fe203), until a faint pink tinge is seen. If Jones reductor 
or similar apparatus is used, subtract the potassium permanganate 
equivalent, which has previously been determined on blank samples 
run through the apparatus. From the result, calculate the iron as iron 
oxide (Fe2Q3). 

Titania.—To determine titania, place in a small Nessler tube the 
90 c.c. of filtrate previously set aside for titania determination, and fill 
the tube up to the graduation mark. Add 1 c.c. of hydrogen peroxide 
and shake well. The color of this solution is now compared in any 
standard color comparator with the color of a known standard solution, 
preferably of such strength that 1 ¢.c. equals 0.0001 gram of titanium 
dioxide (TiOz). To make the comparison, put 10 c.c. of this standard 
solution into a second small Nessler tube and dilute with water from a 
purette until the color is matched. Note the amount of water added 
and calculate the percentage of titanium dioxide in the sample. 

Lime.—To determine lime, evaporate the filtrate from the alumina 
precipitation to about 250 ¢.c. While still boiling add about 5 ¢.c. of 
acetic acid. Meanwhile, dissolve about 1 gram of oxalic acid in a little 
hot water and add to the solution. In about five minutes add a slight 
excess of ammonium hydroxide and boil until precipitation is complete. 
Sool thoroughly and filter. Wash three times by decantation with 
lilute ammonium hydroxide (1 : 10) or a 1 per cent solution of ammo- 
nium oxalate. Dissolve the precipitate by adding about 50 c.c. of 
lilute nitric acid (1:5). Again add a slight excess of ammonium 
rydroxide and a few drops of oxalic-acid solution. Boil well and let 
stand a couple of hours to cool. Filter and wash as before. Transfer 
he precipitate to a platinum crucible, carefully burn off the paper and 
gnite over a blast lamp for about ten minutes. Cool and weigh quickly. 
Repeat the blasting to constant weight. The increase in weight of cru- 
ible is calcium oxide. 

Magnesia,—To determine magnesia, add to the filter from lime 
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precipitation about 2 grams of sodium-ammonium-phosphate dissolved 
in 15 ¢.c. of water. Stir vigorously and while stirring add drop by drop 
about one-third of the volume of the solution of ammonium hydroxide. 
Let stand twelve to twenty-four hours. Filter and wash the precipitate 
with dilute ammonium hydroxide (1:10). The filtrate is discarded. 
Wash the precipitate until the washings show no discoloration when 
tested with silver nitrate. Redissolve the precipitate in warm dilute 
nitric acid (1 : 5) using about 50 c.c., and collect in a beaker. Precipi- 
tate and wash as before. Collect the precipitate on a Gooch asbestos 
crucible. Dry slowly and then heat over a Meker burner for about ten 
minutes; cool and weigh. Reignite to constant weight. 

Alkalies—To determine alkalies, the J. Lawrence Smith method 
shall be used. Weigh out about 0.5 gram of the sample and mix well 
with 0.5 gram ammonium chloride and 3 grams calcium carbonate. 
Transfer to a platinum crucible, placing about 0.5 gram calcium car- 
bonate in the bottom of the crucible and a similar amount over 
the top of the mixture. Heat gently over a low flame for about fifteen 
minutes to volatilize ammonium chloride. Then raise the temperature 
until the lower three-quarters of the crucible is dull red. Hold this 
temperature for about one hour. Cool, take up with about 50 c.c. of 
water and heat over a water bath, adding water to replace that lost by 
evaporation. Break up any lumps with a small pestle. Decant the 
clear liquid through a filter paper and wash four times by decantation. 
Then transfer the residue to the filter. Wash until silver nitrate shows 
only a very faint turbidity. To the filtrate add ammonium hydroxide and 
ammonium carbonate and heat to boiling. Filter and again digest the pre- 
cipitate with ammonium hydroxide and ammonium carbonate. Filter 
and allow the filtrate to collect with the previous filtrate, then evaporate 
to dryness in a platinum or porcelain dish. Remove ammonium salts 
by gentle ignition in a moving flame. Treat with water and remove the 
last trace of lime by adding ammonium oxalate to the boiling solution 
and let stand overnight. Filter, evaporate to dryness, ignite gently 
and allow to cool. Then moisten the residue with hydrochloric acid, 
evaporate again to dryness, ignite gently and weigh. The increase in 
weight is potassium chloride plus sodium chloride. Dissolve in water. 
Ignite and weigh any insoluble residue, deducting this from the mixed 
chlorides. 

Dilute the solution of the mixed chlorides and add hydrocholoro- 
platinic acid in amount equal to 0.3 ¢.c. more than would be necessary 
if all chlorides were present as sodium chloride. Evaporate to a syrupy 
consistency. Cool and treat with a few cubic centimeters of 80 per cent 
ethyl alcohol. Stir and decant through a weighed Gooch crucible. 
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Treat again with 80 per cent alcohol and decant. Repeat washing and 
decantation until the alcohol leaving the Gooch crucible is colorless and 
the precipitate appears golden yellow, not orange. Transfer the pre- 
cipitate to the Gooch crucible, wash with 80 per cent alcohol about six 
times and dry at 130° C. to constant weight. 

The oxides are calculated as follows: 


Weight of potassium chloroplatinate X 0.3068 = potassium chloride. 

Weight of potassium chloroplatinate « 0.1040 = potassium oxide 
(K20). 

Total chlorides — potassium chloride = sodium chloride. 

Sodium chloride < 0.5305 = sodium oxide (NagQ). 


TENTATIVE METHOD FOR RATIONAL ANALYSIS 


Preface.—It will be understood that the rational analysis as herein 
outlined is applicable chiefly to the relatively pure types of clays and 
that, in general, its applicability decreases with increasing impurity of 
the clay. 

Precautions.—Since it is a well-established fact that the treatments 
during rational analysis attack the different feldspars, micas, and many 
other minerals to a greater or less degree, it is very important that the 
details of procedure be followed carefully, especially as to concentration 
of the solutions and the time of treatments. For discussion of various 
details frequent reference should be made to Mellor, ‘“ Treatise on 
Ceramic Industries,’ Vol. II, and to Bollenback’s articles in ‘‘ Sprech- 
saal,’’ 1908, p. 340-8, 351-4, a condensed translation of which is given 
in Bulletin No. 53, Bureau of Mines, by Watts. 

Direct Method—Weigh out 5 grams of the powdered clay sample 
previously dried at 110° C. (or a moisture test may be run separately 
and the rational analysis results calculated to a moisture-free basis). 
Place the sample in a porcelain dish of about 1000 ¢.c. capacity and add 
100 ¢.c. of water. Heat to boiling and boil for about five minutes to 
accomplish a thorough disintegration of clay lumps. If necessary add 
a drop or two of NH4OH to help disintegrate the mass. Any water 
lost during boiling should be replaced. 

Add 100 c.c. of H2SO4 (1 : 1 mixture) and cover with a watch glass. 
If the clay contains organic matter as shown by dark coloration add a 
few drops of concentrated HNO3. Heat gently to boiling and continue 
heating for about one hour until all water is evaporated and copious 
fumes of H2SOx4 appear. 

Allow to cool, add water until the dish is nearly filled and mix thor- 
oughly. Wash off.the stirring-rod and cover glass. Let the dish stand 
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quietly for about four hours until thoroughly settled, then decant into 
a large beaker using care to permit no solid,matter to be transferred. 

Add to the residue in the dish about 300 c.c. of a mixture made by 
dissolving 100 grams of NazCO3 and 10 grams of NaOH in water making 
the solution up to 1000 c.c. Heat the mixture to boiling and stir fre- 
quently. Again wash off rod and watch glass and set the solution aside 
for about two hours. The supernatant solution should be clear, any 
turbidity indicating lack of complete decomposition of the clay. Again 
decant off the clear solution. Stir up the residue with about 400 c.c. of 
concentrated HCl. Heat the mixture to boiling and boil for about five 
minutes to dissolve iron hydroxide, ete. Add about 200 c.c. more of 
water, stir vigorously and then let stand for about five hours. 

Decant off the clear liquid and repeat both alkali and the acid treat- 
ments as outlined above. 

After the final decantation following acid treatment stir up the 
remaining mass with about 200 c.c. of water and wash the residue on 
to a dense filter paper, using dilute HCl (1 : 2 mixture) to accomplish 
the transfer. On the filter paper wash twice with the dilute HCl and 
three times with water. Transfer the residue in the filter paper to a 
weighed platinum crucible, ignite over a medium blast flame or Meker 
burner. The ignited residue is feldspar plus quartz. 

Fuse this main residue (of feldspar plus quartz) with about five 
times its weight of sodium carbonate in a platinum crucible. Heat 
carefully over a Bunsen flame and increase the heating until complete 
fusion has taken place. Care must be uséd to avoid spattering. After 
fusion is complete, blast for a few minutes. Cool and as the fusion 
becomes stiff, tilt and rotate the crucible so as to distribute the mass up 
the sides of the crucible. Place the crucible in a beaker, cover with 
water and add about 10 ¢c.c. of hydrochloric acid. Digest until the mass 
is completely disintegrated. 

Now transfer all of the residue and solution to an evaporating-dish 
and evaporate to dryness. Redissolve in concentrated hydrochloric 
acid, heat for about fifteen minutes, dilute with water and again evap- 
orate to dryness. 

Soak the residue in hydrochloric acid for about fifteen minutes, 
dilute with water, heat for about fifteen minutes more on a water-bath, 
dilute again and filter. In filtering, decant off the clear liquid and 
finally transfer the silica to the filter paper by washing out with cold, 
dilute hydrochloric acid. 

Wash thoroughly with hot water. Transfer the filter paper to a 


platinum crucible, ignite gently and finally blast for about twenty min- 
utes. Cool and weigh. 


MINERAL COMPOUNDS IN CLAY tah 


Calculations.—The main residue (of feldspar plus quartz) minus the 
silica Just determined equals potash plus alumina in the feldspar. This 
difference (potash plus alumina) multiplied by 2.837 equals the feldspar. 
The main residue minus the feldspar equals the quartz. The original 
sample minus the sum of feldspar and quartz (the main residue) equals 
clay substance. Since 0.5 gram was taken of the sample, all figures 
must be multiplied by 2 to give percentages. 

Other Constituents.—If it is required to include other constituents such 
as soluble salts, carbon in form of carbonates, silicic acid, and so forth, 
these should be determined on a separate sample and the corresponding 
amounts, reduced to a moisture-free basis, subtracted from the total 
clay substance. 

Method of Calculation from Ultimate Analysis——If{ it is desired to 
express the ultimate analysis in terms of rational analysis the following 
methods of calculation shall be followed: 


Naz2O multiphed by 5.60 = SiO in Na-feldspar. 

K20 multiplied by 3.83 = S102 in K-feldspar. 

NazO multiplied by 1.65 = AlO3 in Na-feldspar. 

Ke20 multiplied by 1.09 = Al2O3 in K-feldspar. = 


Total AlsO3 minus Al2O3 in feldspar = AlgOs in clay substance. 

AlgOz3 in clay substance multiplied by 1.18 = S102 in clay substance. 

SiOz in quartz = total SiO2 minus (S102 in clay substance plus SiOz 
in Na- and K-feldspar). 

Feldspar = (Na2O multiplied by 8.45, plus K20 multiplied by 5.92). 

Clay substance = 100 per cent minus (quartz plus feldspar). 


MINERAL COMPOUNDS IN CLAY AND THEIR CHEMICAL EFFECTS 


All the constituents of clay influence its behavior in one way or 
another, their effect being often noticeable when only smali amounts 
are present. Their influence can perhaps be best discussed individually. 


Smica | 


This is present in clay in two different forms, namely, uncombined 
as silica or quartz, and in silicates. The uncombined silica is usually 
quartz, but flint, chalcedony, or hydrous silica might be present. 

The silicates may be represented by kaolinite or other hydrous 
aluminum silicates, micas, feldspars, glauconite, hornblende, garnet, etc. 

The percentage of both quartz and total silica found in clays varies 


1 See also description of the minerals quartz, feldspar, kaolinite, and mica above. 
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between wide limits, as can be seen from the following examples. Wheeler 
gives a mimimum ! of 5 per cent in the flint-clays, and the sand percent- 
age as 20 to 43 per cent in the St. Louis clays, and 20 to 50 per cent in the 
loess-clays. Twenty-seven samples of Alabama clays analyzed by the 
writer contained from 5 to 50 per cent of insoluble residue, mostly 
quartz.2 In seventy North Carolina clays * the insoluble sand ranged 
from 15.15 to 70.43 per cent. 

The following table + gives the variation of total silica in several 
classes of clays, the results being obtained from several hundred analyses: 


AMOUNT OF SiLIcA IN CLAYS 


Per cent of total silica 


Kkind of clay 


Minimum | Maximum | Average 


Brick-clays...........| 34.35 90.877 59.27 
Pottery-clays.........| 45.06 86.98 45.83 
Hine=clay cine nee 34.40 96.79 54.304 
Kaolins 3.4.2 ese rie 2 2: 81.18 55.44 


The free silica or quartz is one of the commonest constituents of clay, 
and ranges in size from particles sufficiently large to be visible to the 
eye down to the smallest grains of silt. 

With the exception of hydrous aluminum silicates, sericite, and 
hydrous mica, many of the silica-bearing minerals mentioned above are 
of rather sandy or silty character, and, therefore, their effect on the 
plasticity and shrinkage will be similar to that of quartz. In burning 
the clay, however, the general tendency of all is to affect the shrinkage 
and also the fusibility of the clay, but their behavior is in the latter 
respect more individual. 

Sand (quartz and silicates) is an important antishrinkage agent, 
which greatly diminishes the air-shrinkage, plasticity, and_ tensile 
strength of clay, its effect in this respect increasing with the coarseness 
and quantity of the material; clays containing a high percentage of very 
finely-divided sand (silt) may absorb considerable water in mixing, but 
show a low air-shrinkage. The brickmaker recognizes the value of the 
effects mentioned above and adds sand or loam to his clay, and the 


1 Mo. Geol. Surv., Vol. XI, p. 54. 

* Ala. Geol. Surv., Bull. 6, 1900. 

> N. C. Geol. Surv., Bull. 13, p. 24, 1898. 

* Bull. N. Y. State Museum, No. 35, p. 525. 
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potter brings about similar results in his mixture by the use of ground- 
flint. 

It is thought by some that because of the refractoriness of quartz 
its addition to any clay will raise its fusion-point, but this is true only 
of those clays containing a high percentage of common fluxes and silica 
and which are burned at low temperatures. Its effect on highly alum- 
inous low-flux clays reduces their refractoriness. 

In considering the effects of sand in the burning of clays, it must 
be first stated that the quartz and silicates fuse at different tempera- 
tures. A very sandy clay will, therefore, have a low fire-shrinkage as 
long as none of the sand-grains fuse, but when fusion begins a shrinkage 
of the mass occurs. We should, therefore, expect a low fire-shrinkage 
to continue to a higher temperature in a clay whose sand-grains are 
refractory. 

Of the different minerals to be included under sand the glauconite 
is the most easily fusible, followed by hornblende and garnet, mica (if 
very fine grained), feldspar, and quartz. The glauconite would, there- 
fore, other things being equal, act as an antishrinkage agent only at low 
temperatures. Variation in the size of the grain may affect these results, 
but this point is discussed under Fusibility (Chapter V). 

The following tests give interesting data on the effect of quartz on 
clay. 

F. Krage,! after experimenting with a series of mixtures made up of a 
blue clay (fusion point = cone 34), and a red clay (fusion point = cone 
6), each mixed with quartz sand grains of different degrees of fineness 
and burned to cones 08, 6, and 14, drew the following conclusions: 

Increased amount of quartz tended to decrease the water of tem- 
pering, air- and fire-shrinkage, porosity in soft-burned pieces, crushing 
and tensile strength; it increased: air drying, porosity in hard-fired 
pieces, permeability, and ability to stand temperature changes. 

Decreased texture of sand, caused: slower drying, lower porosity 
and permeability, decreased ability to withstand rapid temperature, 
changes. It increased the tempering water, air- and fire-shrinkage, 
tensile and crushing strength. 

His generalizations that quartz increases the refractoriness do not 
always hold. 

Effect of heat on Siiica.— Quartz upon heating passes into a number 
of both stable and unstable phases as indicated below.” 


1 Der Einfluss des Quarzes von verschiedener Korngrésse auf einen feuerfesten 
und einen nicht feuerfesten Ton, Tonindus.-Zeit., XXXII, No. 67, p. 934, 1908. 
2 Fenner, C. N., Amer. Jour. Sci., 4th Sci., XXXVI) p. 333i, 1913: 
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Stable phases: 


Quartz — Tridymite at 870 + 10°C. 
Tridymite — Cristobalite at 1,470 + 10°C. 


Unstable phases: 


a-quartz — B-quartz at 575° C. 

B-quartz — a-quartz at 570° C. 
a-tridymite — 6;-tridymite at 117° C. 
61-tridymite — B2-tridymite at 163° C. 


Reversions on cooling not very sharp: 


a-cristobalite — B-cristobalite at 274.60° C. to 219.7°C., 
depending on previous heat treatment. 


B-cristobalite — a-cristobalite at 240.5° to 198.1°C., de- 
pending on previous heat treatment. 


Starting with quartz and a flux, either tridymite or cristobalite may be 
formed, according to the temperature. Similarly tridymite may be 
changed into quartz or cristobalite, or cristobalite into quartz or into 
tridymite. 

The change from one to the other is slow, and may go through inter- 
mediate phases, until the one of greatest stability is finally formed. 

If quartz is heated to high temperatures, in the absence of a flux, 
it will change to cristobalite even below the tridymite-cristobalite inver- 
sion point, but probably not below 1250°C. Tridymite at 1570° C. 
changes to cristobalite without a flux. 

Cristobalite melts at 1710° C., tridymite at 1670° C., and quartz at 
about 1600° C. 

With prolonged heating quartz or cristobalite will change to tridy- 
mite without a flux. 

The change from one silica mineral to another is slow, but the low 
temperature transformations involving the a and 6 forms are rapid and 
on this account temperature changes cause cristobalite to crack, between 
220° C. and 275° ©. Tridymite shows the least tendency to crack when 
exposed to sudden changes of temperature. 

Quartz, tridymite and cristobalite can be distinguished by their 
indices of refraction as follows: Quartz, 1,553-1,544; tridymite, 1,477; 
cristobalite, 1,484. 

The inversion of quartz to the other silica minerals is accompanied 
by permanent expansion. Thus for quartz to cristobalite the volume 
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increase is 13.6 per cent, while to tridymite it is 16.8 per cent. This 
accounts for the permanent expansion of silica brick when in use. 

The specific gravity of quartz is 2.65, cristobalite, 2.333, and tridy- 
mite, 2.27. The density of silica or silica bricks, therefore, decreases 
on burning. 

McDowell! in studying a number of silica brick concluded that 
much of the quartz is transformed into cristobalite on the first burn, 
and the remainder slowly on repeated burning. The cristobalite gradu- 
ally turns to tridymite. Tridymite seemed to form first in the finer 
grained groundmass where lime is present. 

Ross states that on burning silica brick with 2 per cent lime, “ the 
silica is transformed first to cristobalite and a small amount of glass 
composed of silica, lime and other basic fluxing materials.’”’ When 
about 75 per cent of the silica has been converted tridymite appears, 
but continued burning converts practically all the material to 
tridymite. 

Amorphous silica may change to a crystalline form on heating. 

Fenner * states that chalcedony at 800° C. in the presence of flux is 
converted into quartz and tridymite, but that the latter disappears on 
further heating. He also found that when amorphous silica was heated 
to 1300 or 1400° C., cristobalite alone was obtained, although tridymite 
is the stable form for those temperatures. In addition he* observed 
that when amorphous silica was heated to 1030° C. it changed com- 
pletely to cristobalite after sixty-nine hours’ heating, but Houldsworth 
and Cobb ® noted the change of amorphous silica to cristobalite, at 
700° C., if 5 per cent of soda is present. 

Washburn and Navias ® consider that on heating it is converted partly 
into isotropic silica glass, and that this later crystallizes forming 
cristobalite. 

A study of the index of refraction and specific gravity of sand, 
quartz, chalcedony and French flint, when heated to cones 13 and 14, 
showed that the last two transformed to cristobalite before the first 
two.’ The figures follow: 


1 Trans. Amer. Inst. Min. Engrs., LVII, p. 3, 1918 

2U.S. Bur. Stand., Tech. Pap., No. 116, p. 66, 1919. 

3 Amer. Jour. Sci., XXXVI, p. 380, 1913. 

4 Amer. Jour. Sci., XXXVI, p. 380, 1913. 

5 Trans. Ceram. Soc. (Eng.), X XI, p. 258, 1921-22. 

6 Jour. Amer. Ceram. Soc., V, p. 565, 1922. 

7 Robson, J. T., Jour. Amer. Ceram. Soc., V, p. 670, 1922; see also Rieke and 
Endell, Silikat-Z., I, p. 52, 1913; Mellor and Campbell, Trans. Ceram. Soc. (Eng.), 
XV, p. 77, 1915-16; Washburn and Navias, Jour. Amer. Ceram. Soc., V, p. 565, 
1922. 
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Rerracrive INDEX or DirFERENT FORMS OF SILICA AFTER 


HEATING 
Material iI II Ill 
eTHOYS Un et etn nate .6 6.6 1.545 1.545 1.509 
Quarizsee en ere 1.545 1.545 i Sy 
Chalcedony. eee 1.540 152i 1.495 
Eicenchist tine | Ih wey 1.487 1.487 


I. Index before heating. 
Il. Index after heating to cone 13 (1390° C). 
° 
III. Index after heating to cone 14 (1410 C). 


Material I II 
SLING eee eat Ae Cee ee 2.67 2.49 
Quartz ep meee ea ee 2.66 2.49 
(Chalcedony emer ere 2.66 2.32 
US ined era epee rte se riences tates, Olen 2S 2.28 
@ristobaliiczea ene 2 .o2 


I. Specific gravity before firing. 
TI. Specific gravity at 1430° C. 

Searle makes the statement! that ‘in most articles made of fired 
clay the greater part of the free silica remains as quartz, but partial 
inversion to cristobalite or tridymite frequently occurs, though these 
allotropic forms of silica are not readily recognized in fired-clay prod- 
ucts.” 

E. Steinhoff and F. Hartmann? claim that by etching and stain- 
ing methods, it is possible to determine the conversion of the quartz. 

Hydrous silica.*—I*rom the observations of W. H. Zimmer ¢# it would 
appear that some kaolins carry hydrated silicie acid. Ina kaolin of the 
composition: 


Silica(S1O5) eerie te see eee eee 57.00 
Nicos, (UNIO). coc onc conc osuuess 24.85 
Rlerrictosad eu(hic: ©: eae AS 
Line s(CaO) tesa nas yaar ear e 05 
Wiser. (El s@)) ieee ei one inene Meee nea 17.81 


he found that the rational analysis showed only 0.05 per cent not decom- 
posed by sulphuric acid, which would lead one to suppose that the clay 


‘Chemistry and Physics of Clays, p. 415. 

*Stahl u. Eisen, XLV, p. 337, 1925. 

* In this connection see also Fuller’s earth, Chap. VI. 
‘Trans. Amer. Ceram. Soc., III, p. 25, 1901. 
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was a pure kaolin. The analysis, however, disproved this, and led 
to the conclusion that there must be free hydrated silicic acid. His 
experiments with this clay, and with artificial mixtures containing silicic 
acid, showed that the presence of any important quantity of free hy- 
drated silicic acid in a clay tends: 


1. To produce an increase of translucency over that obtained where 
the silica used is all quartzitic at equal temperatures; 2, to bring about 
an improvement in color; 3, to increase the shrinkage both in air and in 
fire; 4, to produce a lowering of the temperature at which vitrification 
occurs; 5, a tendency to warp in drying; 6, a tendency to form a hard 
coating on the surface of the clay or ware, due to the deposition of H2Si03 
from water used in making wares plastic. 

Pence ' in commenting on Zimmer’s work notes that unless care be 
taken, there may arise errors in the determination of hydrous silica, and 
contrary to him, believes that increased colloidal silica causes decreased 
vitrification, and increased air-shrinkage, but does not produce any 
uniform effect on the fire-shrinkage. 


ALUMINA 


Most of the alumina found in clays is in combination with silica, as 
a silicate. Free alumina, or that not combined with silica is rare. 
However, gibbsite and diaspore have been noted in appreciable amounts 
in some clays from Kentucky and Missouri, respectively. It is also 
present in quantity in bauxite. 

The fusion-point of alumina is 2050° C.,? which is considerably above 
that of kaolinite. The latter, however, is not stable at high tempera- 
tures and breaks up into mullite and silica. 

The equilibrium diagram of the AlgO3-SiOz system is shown in 
Fig. 36. 

A high alumina clay will be very refractory, but the proper mixture 
of alumina and silica, may form a eutectic whose melting-point is as 
low as cone 26. 

Reference is also made to alumina under iron oxide. 


TRON OXIDE 


Sources of iron oxide in clays.—Iron oxide is one of the commonest 
ingredients of clay, and a number of different mineral species may serve 
as sourees of it, the most important of which are grouped below: 


1 Trans. Amer. Ceram. Soc., XII, p. 43, 1910. 
2 Kanolt, Jour. Wash. Acad. Sci., III, p. 315, 1913. 
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Hydrous oxides; oxides: hematite, magnetite; silicates: biotite, 
glauconite (greensand), hornblende, garnet, etce.; sulphides: pyrite; 
carbonates: siderite; sulphate: melanterite; phosphate: vivianite. 

In some, such as the oxides, the iron is combined only with oxygen, 
and is better prepared to enter into chemical combination with other 
elements in the clay when fusion begins. In the case of the sulphides 
and carbonates, on the contrary, the volatile elements, namely, the sul- 
phur of the pyrite and the carbon dioxide of the siderite, have to be 
driven off before the iron contained in them is ready to enter into similar 
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Fig. 86.—Equibbrium diagram of the system Al,O;-SiOz, after Shepherd, Rankin 
and Wright. (Jour. Amer. Ceram. Soc., VII, 1924.) 


union. In the silicates the iron is chemically combined with silica and 
several bases, forming mixtures of rather complex composition and all 
of them of low fusibility, particularly the glauconite. Several of these 
silicates are easily decomposed by the action of the weather, and the 
iron oxide which they contain combines with water to form hydrated 
ferric oxide. This is usually in a finely divided condition, so that its 
coloring action is quite effective. 

The range of ferric oxide, as determined from a number of published 
clay analyses, is as follows:! 


1 Bull. N. Y. State Museum, No. 35, p. 520. 
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Amount oF Ferric OxrpE In Cuays * 


Jind of clay I II | Il 
LSYPELEOENE coed one os cll Weilets 32.12 | 5.311 
Hire-claysteneac een 0.01 7.24 1.506 


I. Minimum, 
Il. Maximum. 
III. Average. 


* The percentage of FeO is rarely determined in the ultimate analysis of clay, but it always 
should be. 


Coloring action of iron in unfired clay.—Clays may show a yellow, 
brown, red, gray or green color due to different iron compounds, these 
being present as a film on the surface of the grains, or as adsorbed 
material. 

‘Two clays containing the same amount of iron may show totally dif- 
ferent colors, and two materials with different iron content may show 
the same color. 

G. R. McCarthy! has brought out that orthoclase acquires an iron 
stain more readily than quartz, and that aluminum hydrate is a good 
adsorbent, but that kaolin is a poor one, unless alkali carbonates are 
present. He has demonstrated that the iron content of clays up to 
about 5 per cent Fe2Qsz, is a linear function of the alkali content. 

The reds, yellows and browns are due to ferric oxides in varying 
states of hydration. The blue color found in clays, shales, etc., accord- 
ing to the same author? are produced by blue iron compounds, of a 
hydrous ferro-ferric nature, and are not due to organic matter. The 
iron greens, he considers, are mixtures of iron-blues and iron-yellows, no 
evidence of the existence of a green compound having been obtained. 
The iron-purples, other than the chocolate-red of hematite which is 
often called a purple, he states, appear to be mixtures of iron-blues and 
iron-reds. 

It is, of course, understood that the coloring action of iron is effective 
only when it is evenly distributed through the clay in a finely divided 
form. Faure: 

Coloring action of iron oxide on burned clay.*—All of the iron oxides 
will in burning change to the red or ferric oxide, provided a sufficient 
supply of oxygen is able to enter the pores of the clay before it is vit- 


1 Jour. Geol., XXXIV, p. 352, 1926. 
2 Amer. Jour. Sci., XII, p. 36, 1926. 
3 See also color of burned clay, Chap. V. 
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rified; if vitrification occurs the iron oxide enters into the formation of 
silicates of complex composition. The color and depth of shade pro- 
duced by the iron will, however, depend on: (1) the amount of iron in 
the clay; (2) the temperature of burning; (3) condition of the iron 
oxide, (4) the condition of the kiln atmosphere, and (5) degree of fusion. 

Clay free from iron oxide burns white. If a small quantity, say 
1 per cent, is present a slightly yellowish tinge may be imparted to the 
burned material, but an increase in the iron contents to 2 or 3 per cent 
often produces a buff product, while 4 or 5 per cent of iron oxide in many 
cases makes the clay burn red. There seem, however, to be not a few 
exceptions to the above statements. Thus we find that the white- 
burning clays carry from a few hundredths per cent to over 1 per cent of 
iron oxide,! the more ferruginous containing more iron than the purer 
grades of buff-burning clays. Again, among the buff-burning clays we 
find some with an iron-oxide content of 4 or 5 per cent, an amount equal 
to that contained in some red-burning ones. 

Seger has divided the buff-burning clays into two groups, namely, 
(1) those of such high iron content as to burn red normally, but which 
are sufficiently calcareous to enable the lime to destroy the red iron color 
and form a yellow compound of iron and lime, and (2) those low in iron 
and high in alumina, which would normally burn pale red, but develop 
a yellow color due to the formation of an alumina-iron compound. He 
thus believes that the red coloration of the iron is destroyed by similar 
causes, but on account of the lime being a stronger or more active base 
than the alumina it is able to take care of a greater quantity of iron. 

Orton ? has argued against the effect of alumina, claiming that if 
this were true synthetic mixtures should easily give the buff color which, 
in his experience, it is not possible to produce. As he states, there is a 
great uniformity in the color of buff-burning clays, while their iron- 
alumina ratios fluctuate greatly; some fire-clays containing 40 per cent 
of alumina and 0.5 per cent iron, and yielding a good buff product, while 
others with 15 to 20 per cent alumina and 2.5 per cent iron burn to 
almost exactly the same tint. On the other hand, some clays with about 
the same alumina and iron content burn red. If Orton is correct 
it would seem, therefore, as if the cause of this buff-burning quality 
must be sought for in some other direction. 

L. A. Keene? presents the somewhat theoretical view that the 
yellow color of bricks is due to very finely divided FesO3, and not to 


‘Seger’s Collected Writings, Translation, I, p. 109; also Orton, Trans. Amer. 
Ceram. Soc., V, p. 380. 

* Trans. Amer. Ceram. Soc., V, p. 389, 1903. 

$ Jour. Phys. Chem., XX, p. 734, 1916. 
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any compound of Fe2O3 with CaO, or SiOs, or both. Free AlsO3 he 
seems to think is an important peptizing agent, and CaO is effective 
in setting free AlyO3. If the e203 particles are larger the color is red. 
If iron is deposited with finely-divided organic matter, the Fe203 is 
likely to be precipitated in a finely-divided form, so that the clay may 
burn buff without CaO or AlsOg being high. This last-named point 
may be particularly open to question, as some shales or clays high in 
organic matter may fire to a red color at all temperatures. 

The evenness of color is apparently closely connected with the physi- 
cal condition of the iron oxide, that in colloidal form giving a uniformity 
of shade not obtainable by the admixture of very finely ground material. 

If a clay is heated at successively higher temperatures, it is found 
that, other things being equal, the color usually deepens as the tempera- 
ture rises. Thus, if a clay containing 4 per cent of iron oxide is burned 
at a low temperature it will be pale red, and harder firing will be neces- 
sary to develop a good brick red, which will pass into a deep red and 
then reddish purple. 

Seger explained the successive shades of red by assuming that the 
iron oxide increased in density with rising temperature. 

The color becomes lighter and brighter as the temperature increases, 
but when fusion begins the color darkens and changes to a brown. 

Some clays retain a good red color even when vitrified, which would 
seem to indicate that the iron oxide is still free, but on further heating 
these clays begin to blacken as iron silicates are formed. 

Orton also found that a sandy clay retained its red color up to cone 8, 
while another with more fine clay, reached its maximum color at cone 1. 

The brilliancy of the color appears to be influenced by the texture, 
as the more sandy clays can be heated to a higher temperature, without 
destruction of the red color, than the more aluminous ones. Alkalies 
also appear to diminish the brightness of the iron coloration.1 

Among the oxides of iron two kinds are recognized, known respec- 
tively as the ferrous oxide (FeO) and ferric oxide (Fe2O3). In both the 
limonite and hematite the iron is in the ferric form, representing a higher 
stage of oxidation. In magnetite both ferrous and ferric iron are present, 
but in siderite the ferrous iron alone occurs. In the ultimate analysis the 
iron is usually determined as ferric oxide, no effort being made to find 
out the quantity present in the ferrous form, although if there is any 
reason to suspect that much of the latter exists it should be determined. 
Iron passes rather readily from the ferric to the ferrous form. It also 


1 Ries, N. Y. State Mus., Bull. 35, 515, 1900: Orton, Trans. Amer. Ceram. Soe., 
V, p. 414, 1903. 
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oxidizes easily unless carbon and sulphur are present, in which case its 
oxidation is not possible until these two substances have been oxidized. 
Indeed they are sometimes supplied with oxygen at the expense of the 
iron, which may be left in a ferrous, magnetic, or even spongy, metallic 
condition (Orton) 1; so if there is a deficiency of oxygen inside of the 
kiln the iron does not get enough oxygen and the ferrous compound 
results, but the latter changes rapidly to the ferric condition if sufficient 
air carrying oxygen is admitted. If, however, the oxidation of the iron 
does not begin until the clay has become so dense as to prevent free 
circulation of the air through it, then it may form ferrous silicates, which 
impart black or dark colors to the clay.” 

There is consequently a necessity for recognizing these two forms 
_of iron oxide because they affect the color of the clay differently. 
Ferrous oxide alone is said to produce a green color when burned, 
_ while ferric oxide alone may give purple or red, and mixtures of the 
two produce yellow, cherry red, violet, blue, and black.* 

Seger 4 found that combinations of ferric oxide with silica produced 
a yellow or red color in the burned clay. We may thus get a variation 
in the color produced in burning clay, depending on the character of 
oxidation of the iron or by mixtures of the two oxides.°® 

Moreover, in the burning of ferruginous clays it is usually desirable 
to get the iron thoroughly oxidized to prevent trouble in the later stages 
of burning. To accomplish this the iron must be freed of any sulphur 
or carbon dioxide which may be combined with it, and other volatile 
or combustible elements in the clay must be driven off, so as to allow 
the oxidizing gases to enter the clay and unite with any ferrous iron that 
may be present. 

Sulphide of iron (pyrite) loses half its sulphur at a red heat, and the 
balance will, under oxidizing conditions, not pass off below 925° C.,§ 
while siderite or ferrous carbonate loses its carbon dioxide between 400° 
and 500° C.; magnesium carbonate and calcium carbonate lose their 
COz at about 500° C.7 and 800° to 900° C., respectively. Carbonaceous 
matter or sulphur if present, must also be carefully burned off. If the 
clay contains much volatile or combustible matter the burning must 


1 Third Report Committee on Technical Investigation. Indianapolis, 1908. 

>See also Tonindus. Zeit., No. 90, p. 1432, 1903; Trans. Ceram. Soc., (Eng.) IT, 
p. 100 (Quoted by Orton, I. ¢.). 

5’ Keramic, p. 256. 

4 Notizblatt, p. 16, 1874. 

>See ‘Flashing of Brick,” under Burning. 

® See further under Sulphur. 

7 Brill’s work cited under magnesia show that some of the CO. may pass off 
earlier. 
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proceed slowly below 1000° C., in order to remove it and allow the iron 
to get oxidized while the clay is still porous. 

After oxidation the clays will show a more brilliant iron color than 
they do at the end of the dehydration period. They are also harder 
and show a slight decrease in volume. 

If the clay has been improperly oxidized it shows later when vitri- 
fication is reached, by the dark ferrous silicate cores in the center of the 
brick. This may form, however, without the development of any swell- 
ing.' When swelling does accompany the formation of this black core, 
it is to be traced to sulphur. 

Fine-grained clays are more difficult to oxidize than coarse-grained 
ones, because of the small size of their pores, and grog is, therefore, 
added at times to open the grain of the material. 

G. C. Matson ? came to the conclusion that if ferruginous clays are 
burned to viscosity in an oxidizing atmosphere, that the ferric oxide 
does not tend to reduce to a ferrous form, as some have believed. 

The statements of other observers, however, is to the contrary, for 
according to LeChatelier,* this occurs at 1300° C. 

White and Taylor give 1200°C. as the temperature, and P. T. 
Walden * gives 1350° C. 

Ferric oxide cannot exist above this temperature, and is probably 
reduced to FeO which combines with silica to form ferrous silicate. 

Kinnison ® in studying the reduction temperature of ferric oxide 
made up four mixtures as follows: (a) North Carolina kaolin, (b) same 
with silica added giving AlgOg : SiO2 = 1: 5.5; (c) the same with 
AleO3 : SiO2 = 1:9; (d) a porcelain mixture. To each there was 
added Fe2(OH)¢ to give 5 per cent Fe2O3. A black color developed sud- 
denly in firing at the following temperatures: (a) 1390° C.; (b) 1360— 
70° C.; (c) 1810-20°C.; (d) 1210-20°C. The last gave a greenish- 
brown glass at 1240°C. His conclusions were: (1) that the smaller 
the AlzO3 : SiOe ratio, the lower the temperature of formation of the 
ferrous silicate; (2) that at comparatively low temperatures fluxes 
augment the coloring power of iron, and that at high temperatures the 
larger amount of fused material the more the iron is taken into solution 
and decreases the color. (3) In mixtures with large amounts of fluxes, 
the reduction is associated with solution, and the dissociation temper- 
ature is about 1210-20° C. 

1 Orton and Staley, Third Report of Committee on Technical Investigation, 
Indianapolis, 1908. 

* Clay Worker, July, 1904. 

3 High Temperature Measurements, p. 246. 

4 Jour. Amer. Chem. Soc., XXX, p. 1850. 

5 Trans. Amer. Ceram. Soc., XVI, p. 136, 1914. 
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Fluxing action of iron oxide.—Iron oxide is a fluxing impurity, low- 
ering the fusing-point of a clay, and this effect will be more pronounced 
if the iron is in a ferrous condition or if silica is present. 

While some regard finely divided iron oxide as one of the strongest 
fluxes,! others suggest that its maximum effectiveness is in clays 2 hay- 
ing the formula AlyO3-2.5 SiOz, but is less active in those approaching 
the kaolinite formula. He states that the addition of 0.2 equivalents of 
Fe2Q3 lowered the softening-point of clay AlzO3—2.5 SiOz from cones 
34 to 27. 

Wheeler, in his work on the Missouri clays, formed the opinion that 
ferrous iron produces fluxing action about 150°-200° F. lower than ferric 
iron, whereas Orton and Staley, in their work referred to above, failed 
to find that any such great difference existed, although some was 
noticeable.? 

Purdy and DeWolf, on the other hand, mention the case of a clay 
which fused to a globule at cone 16 under reducing conditions, but in 
an oxidizing fire did not fuse to a bead until cone 26.4 

Hoffman ° gives the softening temperatures for various ferrous sili- 
cates as follows: 


4FeO — SiOz 1280°C. 2FeO — SiO02 1270°C. 
3FeO — SiOz 1220°C. 3FeO — 28102 1140° C. 
4AFeO — 38102 1120°C. 


Rieke, in testing the fluxing action of FeO on a mixture AloO3—2S8iOg, 
found that 2.0 molecular equivalents reduced the fusion-point from 
cone 35 to cone 33. 

Kuechler © found that 10 per cent Fe2O3 lowered the fusion-point 
of Florida kaolin, and fire-clay 6 and 63 cones, respectively. 

In burning a clay at low temperatures the hydrous ferric oxide 
(limonite) loses its water of hydration. Heating the clay to vitrification 
in a reducing atmosphere is believed to produce a ferrous silicate, which 
is seen on the brown, black, or greenish glassy portion of the surface of 
paving-brick and unglazed sewer-pipe.’ When well-vitrified bricks 
show a red color it is thought by some that the iron oxide is merely 
dissolved in the vitrified mass and has not entered into combination. 


1 Bleininger and Brown, U. 8. Bur. Stand., Tech. Pap., No. 7, p. 28, 1911. 

2 Cramer, Tonindus Zeit., Nos. 40-41, 1895. 

* They quote Wheeler figures as 200° C., instead of 200° F., which is about 111° C. 
4 Ill. Geol. Surv., Bull. 4, p. 158, 1907. 

5 Trans. Amer. Inst. Min. Engrs., p. 682, 1899. 

§ Jour. Amer. Ceram. Soc., IX, p. 108, 1926. 

7Ta. Geol. Surv., XIV, 59, 1904. 
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A low iron content is, therefore, desirable in refractory clays, and 
the average of a number of analyses of these shows it to be 1.3 per cent. 
Brick-clays, which are usually easily fusible, contain from 3 to 7 per cent 
of iron oxide.! 

Effect of iron oxide on absorptive power and shrinkage of clay.— 
So far as the writer is aware no experiments have been made to discover 
the increased absorptive power of a clay containing limonite, although 
the clay soils show that the quantity of water absorbed is greater with 
limonite present. Senfft believes that it influences the power of clay for 
absorbing both gases and solutions.2 This greater absorptive power 
may be accompanied by an increased shrinkage. The fire-shrinkage 
might also be great, because of the increased loss of combined water due 
to the presence of limonite.? 


MANGANESE OXIDE 


Although this compound is occasionally abundant in some residual 
deposits, where it may be worked as an ore, it is rarely present in large 
amounts in sedimentary clays. 

Stout * notes that it is widely distributed in small quantities in the 
coal formation clays of Ohio. In eighty-three samples the average 
MnO content was .03 per cent, and the range from a trace to .27.. The 
oxide acts as a flux, and according to Stout forms with silica the min- 
eral rhodonite, MnSiOs, which melts to a black viscous mass at about 
1250--C. 

Manganese oxide is sometimes used as a coloring-agent in building 
brick and floor tile, for producing gray and dark mottled shades. It is 
added to the clay in a powdered or granular form. It is said to give the 
best results in clays which are somewhat siliceous, low in iron oxide, and 
which reach their best state of structure at the temperature at which the 
manganese silicate is formed, 


LIME 


Lime is found in many clays, and in the low-grade ones may be 
present in large quantities. Quite a large number of minerals may serve 
as sources of lime in clays, but all fall into one of the three following 
groups: 

1. Carbonates: Calcite, dolomite. 


1 Many fire-brick of good refractoriness show as much as 2 or 3 per cent Fe202. 
2 Thonsubstanzen, Berlin, 1879, p. 21. 

3See tests under Fire-shrinkage, Chap. V. 

4Ohio Geol. Surv., 4th Ser., Bull. 26, p. 507, 1923. 
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2. Silicates containing lime, such as feldspar, and some garnets and 
amphiboles. 
3. Sulphates: Gypsum. 
The range of lime, as determined from a series of clay analyses, is as 
follows: 
Amount oF Lime IN CLAYS 


Kund of clay I II III 
Brick-clays.......| 0.024 15.38 L513 
Pottery-clays.....} 0.011 9.90 1.098 
Fire-clays........ 0.03 15.27 0.655 
Keolinsheeete ire 2.58 0.47 

| 


I. Minimum. 
II. Maximum. 
III. Average. 


Whenever the ultimate analysis of clay shows several per cent of 
lime (CaQ) it is usually there as an ingredient of lime carbonate (CaCOs3), 
and in such cases its presence can be easily detected by putting a drop 
of muriatic acid or vinegar on the clay.2,_ When present in this form it is 
apt to be finely divided, although it may occur as concretions or lime- 
stone pebbles, or as cylindrical bodies along rootlets. 

The feldspars are the commonest source of lime among the silicates, 
oligoclase and anorthite being the usual lime-bearing varieties, but the 
amount of lime present as silicates is usually very low. 

When lime is present as an ingredient of silicate minerals, such as 
those mentioned above, its presence cannot be detected with muriatic 
acid. Gypsum, which is found in a few clays, is often of secondary char- 
acter, having been formed by the action of sulphuric acid on lime-bearing 
minerals in the clay. Since these three groups of minerals behave some- 
what differently their effects will be discussed separately. 

Effect of lime carbonate on clay.—Lime is probably most effective 
in the form of the carbonate, and if finely divided is an active flux. When 
clays containing it are burned, they not only lose their chemically com- 
bined water but also their carbon dioxide; but while the water of hydra- 
tion passes off between 450° C. and 600° C., the carbon dioxide (CO2) 
does not seem to go off until between 600° C.? and 725° C, In facet, it 


‘Bull. N. Y. State Museum, No. 35, p. 523. Owing to an error in the analysis 
of one of the brick clays, the averages in this table has been recalculated. 

* See Minerals in Clay, Calcite. 

* Montgomery and Groves (Trans. Amer. Ceram. Soc., XVIII, p. 214, 1916) 
found that in a small sample all the CO, was lost by 15 hours heating at 647° C 
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more probably passes off between 850° C.! and 900° C.2 The result of 
driving off this gas, in addition to the chemically combined water, is to 
leave calcareous clays more porous than other clays up to the beginning 
of fusion.? 

If the burning is carried oniy far enough to drive off the carbonic- 
acid gas, the result will be that the quicklime thus formed will absorb 
moisture from the air and slake. No injury may result from this if the 


Fig. 37.—Bricks which have been cracked by lumps of limestone which were con- 
verted to lime, and air slaked. 


lime is in a finely divided condition and uniformly distributed through 
the brick, but if, on the contrary, it is present in the form of lumps, the 
slaking and accompanying swelling of these may split the brick (Fig. 37). 


1 Bourry, Treatise on Ceramic Industries, p. 103; also Kennedy, Trans. Amer. 
Ceram. Soc., IV, p. 146. 

2 See also Bleininger and Emley, Trans. Amer. Ceram. Soc., XIII, p. 618, 1911. 

3 Some bricks made from calcareous clays and burned at cones 1 to 3 show over 
30 per cent absorption. 

4 According to Montgomery and Groves (Trans. Amer. Ceram. Soc., XVIII, 
p. 214, 1916), calcium hydroxide shows a distinct loss of weight between 430° C. 
and 439°, but this may vary with partial pressure of the gaseous water in the atmos- 
phere. 
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Binns and Coats,! concluded that lime particles over 12-mesh in 
size are objectionable even in small amounts. From their experiments 
they thought that those passing 20-mesh were admissible up to 
3 per cent, and those passing 36-mesh might be as high as 12 
per cent. 

A harder-burned product will resist the swelling action of the lime 
better than a softer-burned one. 

It has also been suggested that dead burning the lime lumps, renders 
the material practically inactive with moisture, and so avoids injury 
due to slaking.” 

If, however, the temperature is raised higher than is required simply 
to drive off the carbon dioxide, and if some of the mineral particles 
soften, a chemical reaction begins between the lime, iron, and some of the 
silica and alumina of the clay, the result being the formation within the 
clay of a new silicate of very complex composition. The effects of this 
combination are several: Lime in small quantities is thought to prevent 
the development of a good red color in firing. If, however, the lime is 
three times that of the iron then, as pointed out by Seger, the clay 
fires to a buff color. It should be remembered, however, that all buff- 
burning clays are not calcareous, and that a clay containing a low per- 
centage of iron oxide may also give a buff body. Another effect of lime, 
if present in sufficient quantity, 1s to cause the clay to soften rapidly, 
thereby sometimes drawing the points of incipient fusion and viscosity 
within 41.6° C. of each other. This rapid softening of calcareous clays 
is one of the main objections to their use, and on this account also 
it is not usually safe to attempt the manufacture of vitrified prod- 
ucts from them, but, as mentioned under Magnesia, the presence 
of several per cent of the latter substance will counteract this. It 
has also been found possible to increase the interval between the 
points of incipient fusion and viscosity by the addition of quartz 
and feldspar.? 

One of the most extensive series of tests, are those made by R. Rieke, 
who sought to determine in detail the effect of lime carbonate on kaolin. 
In his tests he mixed up different quantities of finely ground marble 
with Zettlitz kaolin, determining their shrinkage and porosity at differ- 
ent cones as indicated on p. 129. 


1 Trans. Amer. Ceram. Soc., XIV, p. 218, 1912. 
* Zimmerman, Tonindus. Zeit., XLIV, p. 993, 1920. 
* The Collected Writings of H. Seger, Vol. I, p. 336. 


* Ueber die Kinwirkung von Marmor auf Zettlitzer kaolin, Sprechsaal, XX XIX, 
No, 38, 1906, 
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SHRINKAGE OF MIxTURES OF ZETTLITzZ KAOLIN AND Lime CARBONATE 


Per cent 
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* Test-piece began to fuse and could not be measured. 


Per Cent Porosity or Mixtures or Zerruirz KAoLtin AND Lime CarBONATE 


Se ae 3 5 10 20 ee SOs 408 Ne 50un|) GONE) a7Z0 
marble 
Cone 05...| 29.3 | 28.4 | 27.0 | 24.5 | 22.2 | 24.0 | 26.3 | 28.3 | 29.4 | 30.3 
ene 295) 25.7 | 23-4°|-21.3 | 19.8 | 21.1,| 22.8 | 25:3 | 27.3 | 30.8 | 42.5 
one 5...| 12.0 | 12.2} 12.7 | 15.3 | 23.1 | 29.5 | 27:7 | 26.8 | 32.0 | 45.9 
eres) 8.7) 9°71 9.9 |\11.9 | 24.61°90.2 | 14.4 |). F. 33.2 | 42.0 
San0et 6.5/5.6) 4:4.) 85 | 21.6 423.0 \..2,.-|.. 208 23.8 | 10.2 
rewiome eee A VD AN 1. Bi 324 1) 21 Ou 17.7 [aes tale 22.6 
ree ee 0.3: 100.3 1 081 29.1 Tee le aa 


In order to determine the fusibility of the mixtures which did not 
fuse, the following special tests were made: 


Per cent | | 


0 1 3 is 10 20 30 40 50 60 | 70 80 
marble | 
Cone of fusion. .| 35* | 35 | Bye tel GEN | Op |] aleay || assy) take |] tes |) as) |) a 23-24 
| 
* Above. Nearly. 


Rieke concludes from his experiments that: 

1. Marble acts the reverse of magnesite in decreasing the shrinkage. 
That while a mixture of kaolin with 20 per cent magnesite shows the 
maximum shrinkage, a similar mixture of kaolin and marble shows a 
very low and almost uniform shrinkage throughout a great range of 
temperature, 
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2. The porosity of the burnt samples increases with an increase in 
the percentage of carbonate of lime, excepting at the lowest tempera- 
tures at which the carbon dioxide had not been entirely expelled. Only 
the mixtures carrying from 1 to 10 per cent of lime carbonate burn to a 
dense body at a temperature much below their fusing-point. A higher 
percentage of lime causes the points of vitrification and viscosity to 
draw close together. 

3. The most easily fusible mixture is one having the formula 
AlsO3-28i02-2CaQO,! which fuses at cone 7-8. 
~ “Mixtures of the formula AlgO3-2Si02-4CaO; or AlgO3-2S8i02- CaO; 
and 2Al.03-2Si02. CaO melt at about cone 16. If we have more 
than two molecules AlgO3-SiOz, to one of CaO, very refractory mixtures 
result. With 6CaO- Al2O3-2SiOs, an easily fusible mixture is obtained, 
but.an increase in the lime content raises it again. 

The same writer has carried his experiments further, in determining 

the fusibility of lime-alumina-silica mixtures.2 He points out that 
lime differs from magnesia in its fluxing action, in that its fusion curve 
shows not one, but three minima and two maxima, the last two corre- 
sponding to the formula CaO - AlzO3 - 25102 and 4CaO- AlgO3 - 28102. 
. In the series of lime silica mixtures (Fig. 41), the fusion curve 
showed one maximum point corresponding to CaO, SiOz, but that found 
by Day and Shepherd of 2CaQ-SiOz was not observed. Two minima 
were found, one at about 1410° or between CaQ-0.7 SiOz and CaQO- 
0.8 SiOz, and the other at 1420° C. Both of these agree with Day and 
Shepherd’s observations, but their third minimum point was not found. 
In the lme-alumina-silica mixtures the ratios of alumina and silica 
employed were Alo03-SiQ2; AlsO3-2SiO2; AloOs; -35102; and AlsO3- 
4SiOz. To each of these the lime was added in increasing amounts. 

The results of his tests are more clearly brought out by his diagrams, 
which are reproduced in Figs, 38-42. 

N. B. Davis* found that the addition of lime to clay prevented 
cracking in drying, due probably to its floeculating action. The 
trouble was overcome by using 3, 4, 6 and 12 per cent, respectively. 
The lime is thought to form calcium salts with the acid silicates and 
silicie acid. 

Many erroneous statements are found in books regarding the allow- 
able limit of lime in clays, some writers putting it as low as 3 per cent; 
still a good building-brick can be made from a clay containing as much 

1 This contained 46.3% CaO. 


7R.' Rieke, Ueber die Schmelzbarkeit von Kalk-Tonerde-Kieselsituremischungen, 
Sprechsaal, XL, No. 44, p. 594, 1907. 


* Trans. Amer. Ceram. Soc., XVII, p. 497, 1915. 
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as 20 or 25 per cent of lime carbonate, provided it is in a finely divided 
condition,! and a vitrified ware is not attempted. If, however, that 
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Fia. 41.—Diagram showing fusion-points of lime-silica mixtures. (After Rieke, 
Sprechsaal, XL, p. 595.) Dotted lines represents curve obtained by Boudouard. 
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Fig. 42.—Diagram showing fusion-points of mixtures of CaO and (A1,03-4SiO,). 
(After Rieke, Sprechsaal, XL, p. 626.) 


1 For analyses and uses of calcareous clays, see H. Ries, Clays and Shales of 
Michigan, Mich. Geol. Surv., VIII, Pt. I; and E. R. Buckley, Clays and Clay Indus- 
tries of Wis., Wisconsin Geol, Surv., Bull. 2, Economic Series. 
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quantity of lime is contained in the clay in the form of pebbles, then 
much damage may result from bursting of the bricks, when the lumps 
of burned lime slake by absorbing moisture from the air. 

Clays containing a high percentage of lime carbonate are used. in 
the United States, especially in Michigan, Wisconsin, and Illinois, for 
making common bricks, common earthenware, roofing-tile, and some 
terra-cotta, and the highly calcareous character of some brick-clays. is 
shown by the following analyses. Of these No. I] is the most calcareous 
that the writer has ever examined. 


ANALYSES OF CALCAREOUS CLAYS 


I 

Dilica, (SiO3). 2...) 944.15 
Alumina (A1,QO3)........ 10.00 
Ferric oxide (Fe.O;)..... 4.08 
tamen(Ca@) hae ere ee 13.30 
Magnesia (MgO)........ 1.50 
PovasbuKs©)) peter meee iL ays) 
Soyo en Gay OW Aan cp ee By diff. 
Water (H.O) acme sare eee lean: 
Carbon dioxide (CO,). .. 11,34 
Organic matter......... 195 

‘LRotalenare at 100.00 

Motaletoxes sere aan: 20.48 


I. Ionia, Mich. A. N. Clark, analyst. Mich. Geol. Sury., VIII, Pt. I, p. 53. 
II. Seguin, Tex. O.H. Palm, analyst. 


Effect of lime-bearing silicates——The effect of these is much less 
pronounced than that of lime carbonate. They contain no volatile ele- 
ments, and hence do not affect the shrinkage to the extent that lime 
carbonate does. They serve as fluxes,! but do not cause a rapid soften- 
ing of the clay. 

Effect of gypsum.—Gypsum in clay has probably often been formed 
by sulphuric acid, liberated by the decomposition of iron pyrite, acting 
on lime carbonate. Lime, if present in the form of gypsum, seems to 
behave differently from lime in the form of carbonate, although few 
clays contain large percentages of it. 

Gypsum, as already shown,? is a hydrous sulphate of lime. In cal- 


1 See also under Alkalies. 
2 Chapter II, Minerals in Clay. 
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cining gypsum for making plaster of Paris, the chemically combined 
water is driven off at 250° F., but only a portion of the sulphuric acid 
is driven off at a low red heat, the balance passing off at a much higher 
temperature. To illustrate this a mixture ! consisting of 75 per cent ofa 
white-burning clay and 25 per cent of nearly pure white gypsum was 
made up. This mixture contained 15.11 per cent of combined water 
and 11.65 per cent of sulphur trioxide (S03), and was burned at a num- 
ber of different temperatures with the following results: 


TaBLE SHOWING Loss IN WxeicHt Gyrpsum—CuLay Mrxturm IN FIRING 


| 
Loss in weight, per cent 
Temperature 
Sampie Sample 
| No. 1 No. 2 
SOO” Co CUBAO? We). a se - 11.60 11.50 
TOMO! Os GUS WS) oo esl Ase us) 1225 

AMODAU). s - . 19.93 19.58 
PANO? Ce (MOO IE). cso: 23.15 23.05 
MOO” ©. (CBP Wye acs 23.21 23z11 


These figures show that at 860° C. the loss had not exceeded the 
amount of combined water contained in the mass; at 1000° C. the loss 
was not equal to the sum of the water contained in the clay and gypsum; 
a large loss occurred between 1100° and 1200° C., while between the 
latter temperature and 1300° C. the loss was exceedingly small. There- 
fore, even at 1300° C., or slightly above the theoretic melting-point of 
cone 8, there was still over 3 per cent of what would be considered volatile 
material remaining in the mixture. It is presumed that this represents 
sulphur trioxide which has not been driven off. 

The presence of silica is said to facilitate the decomposition of the 
calcium sulphate, and the evolution of the SO3 is thought to cause some 
of the swelling or blistering seen in some wares after burning. 


MAGNESIA 
Magnesia (MgO) rarely occurs in clay in larger quantitics than 1 per 


cent. When present, its source may be any one of several classes of 
compounds, that is silicates, carbonates, and sulphates. 


1N. J. Geol. Surv., VI, p. 63, 1904. 
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The range of magnesia in several classes of clays, as figured from a 
number of analyses is as follows:! 


Amount oF Maanuesia In CLaAys 


Quality I II JOU 
Brick-clays......: 0.02 229 1.052 
Pottery-clays..... 0.05 4.80 0.85 
Fire-clays........ 0.02 6.25 0.518 
INOW es oe ol aire 2.42 0.223 


I. Minimum. 
Il. Maximum. 
III. Average. 


In the majority of clays the silicates, no doubt, form the most impor- 
tant source, and minerals of this type carrying magnesia are the black 
mica or biotite, hornblende, chlorite, and pyroxene. These are scaly 
or bladed minerals, of more or less complex composition, and con- 
taining from 15 per cent to 25 per cent of magnesia. The biotite mica 
decomposes readily, and, its chemical combination being thus destroyed, 
the magnesia is set free, probably in the form of a soluble compound, 
which may be retained in the pores of the clay. Hornblende is probably 
not an uncommon constitutent of some clays, especially in those which 
are highly stained by iron, and have been derived from dark-colored 
igneous rocks. Like biotite, it alters rather rapidly on exposure to the 
weather. Dolomite, the double carbonate of lime and magnesia, is no 
doubt present in some clays, and would then serve as a source of mag- 
nesia. Magnesium sulphate, or Epsom salts, probably occurs sparingly 
in clays, and might form a white coating either on the surface of clay 
spread out to weather, or else on the ware in drying. It is most likely 
to occur in those clays which contain pyrite, the sulphide of iron (FeS2), 
for the decomposition of the latter would yield sulphuric acid, which, 
by attacking any magnesium carbonate in the clay, might form mag- 
nesium sulphate. This substance has a characteristic bitter taste. 
On heating, both magnesium carbonate and dolomite have been sup- 
posed to lose their COz between 400° C. and 600° C.? 

Magnesia was for many years regarded as similar to lime in its fluxing 


1 Bull. N. Y. State Museum, No. 35, p. 523. Owing to an error in the analysis 
of one of the brick clays, the averages in this table has been recalculated. 

2 Brill’s work (Zeitchr. Anorg. Chem., XLV, p. 277, 1905) shows that MgCoO, 
begins to lose some COs at 255° C., and additional quantities at 295°, 325°, 340°, 
380°, 405°, and 510° C. These points are believed to show the successive formations 
and breaking up of various basic carbonates. 
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action. The experiments of Mickler! have indicated, however, that 


its effect was quite different. 
In order to prove this point he selected a clay which was free from 
lime or magnesia, and in its raw and burned condition had the composi- 


tion shown in following table: 


ANALYSIS OF Cuay Usep By MAcCKLER 


If II 

Iession ignition. ee COR 
Silicam(siO>) eee 63.25 68.06 
Newmont, CUNEO) 5s 5655 22.97 24.72 
Ferric oxide (Fe2O3)..... 4.98 5 oe 
Limes(Ca@)) eee 
Magnesia (MgO)....... 
Alkalies (Na2O, K.O).... 2.07 Pap 

100.34 100.36 

i 


I. Raw. 
II. Burned. 


To one hundred parts by weight of this clay, either lime or magnesium 
carbonate was added in the proportions given in the table below, 
the percentages given in parenthesis representing the quantity of lime 
or magnesia contained in the amount of carbonate added. The 
physical tests of these mixtures are also given. 

It will be seen here that the effect of magnesia was quite different 
from that exerted by the lime. The mixtures containing magnesia did 
not vitrify suddenly, as did the limy clays; nor did the magnesia exert 
as strong a bleaching action on the iron, and the points of incipient 
fusion and viscosity were also separated. 


PuysicaL Tests on MAcKiLER’s MrxturEs 


Fire-shrinkage cone numbers 
‘i Loss of 
Water Air- : ; 
x ‘ | weight in > = = 
required shrinkage, firin 
>= W010) (Os aia 3 5 
Aw Clay alon6a, orem eee 28.8 6.4 9.8 lo.1%| 3.5 Tsai cecOl Gre 
B. Clay +25CaCO;(14Ca0O)..... oni 8.4 Pao) ied: 1.8 * 
C. Clay +12.5CaCOs(7CaO)..... 33.6 8.3 10.4 1.0 Wi t 
D. Clay +21MgC0O3;(10Mg0).... 34.0 8.2 1653) 10K6 Ss ONF ed 77) lle Oa 
E. Clay +10.5MgCO3(5MgO).... 32.4 Tad Leu Lei Sao 7e | ilabgill| ay + 
*Melted };Warped 


1 Tonindustrie-Zeitung, Vol. X XVI, p. 705, 1902. 
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With a mixture of kaolin and magnesia similar results were obtained. 
The mixture of kaolin and magnesia showed a higher shrinkage at the 
beginning of the burning than the kaolin alone, and then increased but 
little until a high temperature was reached, when the shrinkage sud- 
denly began again. A hard body was obtained at cone 1 with the kaolin- 
magnesia mixture. 

The effect of magnesia therefore, if present in sufficient quantity, is 
to act as a flux and make the clay soften slowly, instead of suddenly as 
in the case of calcareous clays. The results mentioned above have been 
corroborated in this country by Hottinger.t. An important characteristic 
of magnesian clays is, that they can be made into wares of extreme length 
and very thin walls, which may be nearly vitrified without warping.! 

Barringer * has pointed out that the action of magnesia depends 
largely on the composition of the clay; in bodies containing a number 
of active fluxes, and which vitrify at a low temperature, it has a marked 
influence on the fusing point and temperature of the vitrifying stage, 
but, ‘‘ as the number and character of the bases change in going towards 
high-fire products, the influence of magnesia lessens considerably.” 

To the data supplied us by Mackler and Barringer, there must be 
added a more extensive series, embodying the results of R. Rieke’s 3 
work on kaolin-magnesite mixtures, of which he determined the linear 
shrinkage, porosity and fusibility. The results of the first two series 


Prr Cent LINEAR SHRINKAGE OF ZETTLITZ KAOLIN AND MAGNESITE 


OE 0 a 1m 10 120 80 | 40 1501-60 4701) .80 1.90 
magnesite 
@ene 09. ....-. D2! Deal 2.52. 7102. 813. 11 3.1). 3. 713.8) 3.3 3 Ol enz 
Gone 05... 5... 2.7| 3.0] 2.8] 3-1] 3.2] 3.6] 3.4] 4.1] 5.4] 5.5] 5.1] 5.5| 5.7 
Gonerls ts... 2.8] 3.1| 3.1) 3.1] 3.11 3.0) 3.8] 4.8] 5.71 5.5] 5.0] 5.6! 6.2 
Ci 6.8| 7.5] 8.2] 8.8/10.6/12.2/11.2] 9.2] 7.5] 5.6] 5.0] 5.9] 7.3 
Gone "5):..:... 8.4] 9.1/10.7/11.3/12.3/12.5/11.7| 9.3] 8.5] 7.8] 7.0] 7.9]10.4 
Un a 10.510. 5/11. 2/12.6/13.5]13.4/13.0] 9.8] 9.5] 8.0] 7.6] 8.9]11.0 
Cone 10........ 12.5/12.6/13.4/13.6/13.4]13.5/11..9 24.0/18.9| 7.7|/10.5|23.0 
Cone 12>. ...... 12.8]12.6/13.4/13.1]13.4/13.6] 9.2 .|23.0]10.0]16.2/25.3 
bls’d 
Cone 15........ 12.5112. 8/22 5i12.8i14.1112.5).,..)....1... .(25.3113.8121.1128.2 
| bls’d 


1 Hottinger, Trans. Amer. Ceram. Soc., V, p. 130, 1903. 
2 Trans. Amer. Cer. Soc., VI, p. 86, 1904; see also Rev. Mat. Constr. Tray. Pub., 


CXL, p. 67, 1921. 
3 Sprechsaal, Nos. 46-48, 1905. 
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PERCENTAGE Porosity oF Zerruirz KAOLIN AND MAGNESITE 


| 

Forcent o | 4&3 | 8-110] 20°] 30°} 40°) 50 | 60 1-70 1/80 |G 

magnesite 
Cone00.) eee 30.1/29.9|30.8/30. 5/31 .6|34.6/41.7|42.4/49.5/53.6| tndeter- 
Cone 05........ 30. 5/29. 2/28, 8129. 2/30. 0/31. 1]35.9|37.5/37.9/40.2) at neg 
Coneanl Mace ot 30.628. 2/29 .6|29. 2/30. 8/31.6|36.2/37.7|38.0/41.7] mostly 
Cone eee 19.4|17.0]14.3/12.6/11.1/11.2]15.5/23.8/34.8/44.4] over FO 
Coneus cee 16.1]12.7| 8.0| 6.4] 4.2) 2.8/11.7/21.8125.5/43.3] per cent 
Genet 7 et 9.7/10.0] 6.3] 0.4] 0.3] 0.1 8.3|17.6/18.0/18.7 
Cone 100). 2.1} 1.8] 0.4] 0.1] 0.1] 0.1] 3.1]....| 0.5] 8.5/43.2139.6]11.7 
Cones 2 aaa 9041 2G1 0251-0001, 0201.00 ee eel ae 2.0/38.0|30.2| 8.2 
Conese lone Li Lh Oz) 0. 210200 Olea ane ee 0.0/28.1]17.3] 3.4 


of tests are given in the accompanying tables, while the fusion points 
are given in Fig. 43. It will be noticed there that the fusion point 


Cone 


| I 
0 10 20 + 30 40 50 60 65 
Magnesite Percent 


Vig, 43.—Diagram showing fusibility of kaolin-magnesite mixtures. (After Rieke, 
Sprechsaal, Nos. 46-48, 1905.) 


gradually falls until a content of 45 per cent magnesite is reached, after 
which it again rises. 

Of equal interest are a later series of experiments, in which quartz 
was added to the original mixture, the results being shown in tabulated 
form on the following pages. 
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ALKALIES 


The alkalies commonly present in clays include potash (K2O), soda 
(Na2O), and ammonia (NH3). There are other alkalies, but they are 
probably of rare occurrence. 

Ammonia is no doubt present in some raw clays, judging from their 
odor, and it may possibly exert some effect on the physical structure 
of the clay, it being found that the bunches of grains in a clay tend to 
separate more easily, when the clay is agitated with water, if a few drops 
of ammonia are added. As ammonia is easily volatile, it leaves the clay 
as soon as the latter is warmed, and therefore plays no part in the burn- 
ing of the clay. The two other common alkaline substances, potash and 
soda, are more stable in their character, and are therefore sometimes 
termed fixed alkalies. ‘These have to be reckoned with in burning, for 
they are present in nearly every clay. 

The amount of total fixed alkalies contained in a clay varies from a 
mere trace in some to 9 per cent in others. The range of alkalies in sev- 
eral classes of clays was determined to be as follows: ! 


Amount oF ToTaL ALKALIES IN CLAYS 


[2 ee Toes Bett 


| Kaolingci22...] 0.1. | 6.21 1.01 
Fire-clays........ | 0.048 | Dat 1.46 
Pottery-clays.....} 0.52 Fie! 2.06 
Brick-clays....... ORT 15.32 2.768 

| | 


I. Minimum. 
II. Maximum. 
III. Average. 


Several common minerals may serve as sources of the alkalies. Feld- 
spar may supply either potash or soda. Muscovite, the white mica, 
contains potash. Greensand, or glauconite, contains potash. Other 
minerals, such as hornblende or garnet, might serve as sources of the 
alkalies, but are unimportant, as they are rarely present in clays in 
large quantities. 

Orthoclase, potash feldspar, contains 17 per cent of potash (K20), 
while the lime-soda feldspars contain from 4 to 12 per cent of soda 
(NagO), according to the species. The lime-soda feldspars fuse at a 
lower temperature than the potash ones, but are also less common.? 


1 Bull. 35, N. Y. State Museum, p. 515. 
2 Seger, Ges. Schrift, p. 413. 
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Rieke’s Tests on Kaouin, QUARTZ-MAGNESITE MixTURES 
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2 P.=porosity, per cent. 


18.=linear shrinkage, per cent 
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Muscovite mica contains nearly 12 per cent of potash, and may 
contain a little soda. If present in quantity and of fine texture it may 
serve as a flux. (See under Mica.) 

We therefore see that the minerals supplying alkalies are all silicates 
of complex composition. Each has its fixed melting-point, and the tem- 
perature at which the alkalies flux with the clay will depend on the 
containing mineral, and also on the size of the grains. If the alkali- 
bearing mineral grains decompose, the potash or soda are set free and 
form soluble compounds.* 

Alkalies are considered to be the most powerful fluxing material 
that the clay contains, and, if present in the form of silicates, are a desir- 
able constituent, except in clays of a refractory character. On account 
of their fluxing properties they serve, in burning, to bind the particles 
together in a dense, hard body, and permit a white ware, made of porous- 
burning clays, to be burned at a lower temperature. In the manufac- 
ture of porcelain, white earthenware, encaustic tiles, and other wares 
made from white-burning clays and possessing an impervious or nearly 
impervious body, feldspar is an important flux. 

According to the experiments of Berdel ? on kaolin, quartz, feldspar 
bodies, the action of feldspar on the vitrification of bodies is noticeable 
at cone 1, but its effect on high-heat bodies starts with the melting-point 
of feldspar at cone 9. The vitrifying action of feldspar becomes greater 
the finer the grain is, and to such an extent that very fine feldspar may 
vitrify Zettlitz kaolin at cone 2. 

Alkalies alone seem to exert little or no coloring influence on the 
burned clay, although in some instances potash appears to deepen the 
color of a ferruginous clay in burning. 


TITANIUM 


Titanium is an element which is found in several minerals, some of 
which are more common in clays than is usually imagined, although 
they appear rare because they are seldom found in large quantities. 
The two commonest of these, rutile and ilmenite, have already been 
referred to. So far as known, neither of these is ever found in clays in 
sufficiently large grains to be visible to the naked eye, so that a micro- 
scopic examination would be necessary to identify them. Although 
titanium is such a common constituent of clay, it is rarely shown in 
an analysis, because its determination by chemical methods is attended 


1 See Origin of Clay, Chapter I. 
2 Sprechsaal, Nos. 2-11, 1904. 
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with more or less difficulty and is rarely carried out. In the ordinary 
process of chemical analysis it is usually included with the alumina. 

As early as 1862 Riley ! referred to the universal occurrence of titanic 
oxide in clay, and, in a series of English ones, found from .42 to 1.05 per 
cent. Since that time a number of additional occurrences have been 
noted, as follows: 

Twenty-one New Jersey clays, 1.06 to 1.93 per cent; ? a series of 
Pennsylvania clays, .85 to 4.30 per cent; * eleven Ohio coal-measure 
clays, 0.16 to 1.68 per cent; * fire-clays from St. Louis, 1 to 1.91 per 
cent; ° thirty-five clays and sands from Virginia Coastal Plain, .0 to 1.88 
per cent; © one hundred Texas clays, .0 to 2.12 per cent.” 

Somers ® has noted its occurrence in many high grade clays, when 
examined under the microscope. 

Among the foreign observers, Vogt ® has noted percentages as high 
as 2.08, and Kovar '° the unusually high percentage of 10.06, while 
Odernheimer found up to 4.6 per cent in certain basaltic residual clays 
from the Duchy of Nassau. The fact that most of it was soluble in a 
20 per cent hydrochloric-acid solution would suggest its being ilmenite. 

Effect of titanium.—H. Seger and E. Cramer, of Berlin,!! endeav- 
ored to determine the effect of titanium on clay by burning artificial 
mixtures of this material and kaolin. Two samples of Zettlitz kaolin 
(containing 98.5 per cent clay substance) were mixed with 6.5 per cent 
and 13.3 per cent titanium oxide respectively; both were then heated to 
a temperature above the fusing-point of iron, with the result that, while 
the first softened considerably on heating and showed a blue fracture, 
the second fused to a deep-blue enamel. 

A second series of mixtures, consisting each of one hundred parts of 
kaolin, with 5 per cent and 10 per cent of silica respectively, showed no 
signs of fusion, and burned simply to a hard white body, thus indicating 
that the titanium acts as a flux at a lower temperature than quartz. 

More recently the author !* has shown that even small amounts of 


1 Quart. Jour. Chem. Soc., XV, 311, 1862. 

2 Cook and Smock, Report on the Clays of New Jersey, 1878, p. 276. 
3 Second Pa. Geol. Surv., MM, p. 261 et seq. 

4 Orton, Ohio Geol. Surv., VII, Pt. I 

5 Wheeler, Mo. Geol. Surv., XI, p. 56. 

6 Ries, Va. Geol. Sury., Bull. II. 

7 Bull. Univ. Tex., 102, 1908. 

8 U.S. Geol. Surv., Bull. 708. 

9 Tonindustrie-Zeitung, X XVII, 1247, 1903. 

10 Sprechsaal, 1891, p. 106. 

U1 Seger’s Collected Writings, I, p. 519. 

122N, J. Geol. Surv., Fin. Rept., VI, p. 71, 1904. 
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titanium lower the refractoriness of a clay. In these experiments a 
white-burning sedimentary clay fusing at cone 34 was mixed with 
amounts of 4, 1, 2, 3, 4, and 5 per cents of very finely ground rutile. 
These mixtures were then formed into small cones and tested in 
the Deville furnace, the results of these tests being shown graphically 
by the curve in Fig. 44. In this figure the vertical line at the left repre- 
sents the cone number of the Seger series,! and the horizontal line at 
the bottom the per cent of titanium oxide. No. VII, at the extreme 
left, represents the fusion-point of the clay alone, while I, II, ete., indi- 
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Fia. 44.—Curve showing effect of titanium oxide on white sedimentary kaolin. 
(After Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 71, 1904.) 


cate respectively the fusion-points of the clay and titanium mixtures. 
From this it will be seen that even one-half per cent of titanium oxide 
lowered the fusing-point of the clay half a cone, while 5 per cent lowered 
it two cones. All the mixtures, when heated to cone 27, were appar- 
ently vitrified, and showed a deep-blue fracture. This coloration was, 
however, destroyed by the presence of a few per cent of silica. At 
lower temperatures (cone 8) a mixture containing 5 per cent of titanium 
oxide burned yellow. 

A recent series of experiments by Rieke ? form an interesting con- 
tinuation of those by the author (described above). He made up a 


1 See Fusibility, Chapter V. 
2 Sprechsaal, XLI, p. 406, 1908. 
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series of mixtures of chemically pure TiOg and Zettlitz kaolin, deter- 
mining their fusing-points with the following results: 


Fusion Points or KAoutn-Trrantum Oxipe Mrxrurers 


Kaolin, |} TiOs, | Cone of |} Kaolin, | TiOs, | Cone of 
per cent | per cent | fusion per cent | per cent | fusion 


GROOT 8 rita Arad 35 40 60 20 
90 10 30 30 70 +20 
80 20 OG 20 80 —26 
70 30 20 10 90 26 
COmen ama) eee 20 oye 100 207 
50 50 19-20 


| 
| 


The heat was raised at the rate of one cone in 4—5 minutes. With 
very much slower heating the fusion-points lay shghtly higher for mix- 
tures with 40 per cent or more of TiQz. 

A similar series of mixtures in which the kaolin was replaced by 
alumina or silica showed that the titanium was less effective. The 
results of these other series were as below. 


Fusion Points or ALUMINA-TITANIUM OxIDE MIxTURES 


Alumina,| TiO», | Cone of ||Alumina,| TiOs, | Cone of 
per cent | per cent | fusion per cent | per cent | fusion 


MGW) Weegee se 42 40 60 33 —34 
80 20 37 30 70 3l 
70 30 —35 20 80 —29 
60 40 33 10 90 —28 
50 D0) gel Hto3-e8 | ieee sepretene 100 —27 


Fuston Pornts or Sinica-Tirantum Oxipr MrixrureEs 


Silica, TiO», Cone of Silica, TiOs, Cone of 
per cent | percent | fusion || per cent | per cent | fusion 


LOO |B nein 36 || 40 60 +30 
90 10 33 —34 30 70 29 
80 20 29 —30 20 80 29 —30 
70 30 26 || 10 90 == 2h) 
60 40 PAD Nino oto Oe 100 Pil 


50 50 27 


148 CHEMICAL PROPERTIES OF CLAY 


Bryce, using a mixture of Georgia kaolin and of Christy fire-clay 
with ruby rutile,! found that 5 per cent TiOz2 reduced the fusion-point 
of Georgia clay from cone 35 to cone 33, and 50 per cent TiO2 reduced 
it to cone 17, while 25 per cent TiO» caused the fusion-point of Christy 
clay to drop from cone 33 to cone 23. 

Kuechler,? in trying the effect of TiO2 on Florida white clay and 
fire-clay, found that 5 per cent reduced the fusing-points 2 and 3 cones, 
respectively. 

Searle 3 notes that 10 per cent TiOs added to silica reduces its fusion- 
point from cone 36 to cone 33-34, and that a eutectic is formed with 40 
per cent TiOs, 60 per cent SiOz, whose fusion-point is cone 20. 

He further states that 10 per cent TiO2 added to alumina lowers its 
fusion-point from cone 42 to cone 37, 


WATER IN Ciay # 


Under this head may be included: 1. Mechanically combined water, 
and 2, chemically combined water. 

Mechanically combined water.—This includes that which is held in 
the pores of the clay by capillarity. It may include water of plasticity, 
shrinkage water, and pore water. 

Water of plasticity is that which is driven off when the clay is 
dried from a condition of maximum plasticity to 110° C. 

Shrinkage water is that which passes off when the clay is dried from 
the condition of maximum plasticity, to the point where shrinkage 
practically ceases. 

Pore water is that remaining in the pores of the clay after shrinkage 
has ceased, but is driven off at 110° C. 

It will be seen from the above that the water of plasticity is equal to 
the sum of the shrinkage and pore water. 

A high percentage of shrinkage water often indicates a fine-grained 
clay which may give a strong body when dry, while a high pore water 
content may be characteristic of a clay which when dried exhibits a 
weak porous structure. 


Clay is very hygroscopic, and when thoroughly dried greedily 


1 Trans. Amer. Ceram. Soc., XII, p. 533, 1910. 

» Jour. Amer. Ceram. Soc., IX, p. 105, 1926. 

* Chemistry and Physics of clays, p. 368. 

*See further under Shrinkage, Dehydration and Changes in Firing. 
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absorbs moisture from the atmosphere, in fact, it may sometimes absorb 
as much as 10 per cent of its weight.! 

When water is added to a dry clay, the volume of the plastic mass 
exceeds the sum of the volumes of the clay and water, by from 1 to 5 per 
cent, and is thought to be due to mechanically enclosed air, or a slight 
swelling of the clay substance proper.” 

Quantity of water in a clay.—The quantity of water in a clay may 
be expressed in several ways, as follows: 

1. Ratio of pore water to shrinkage water. This for several types 
of clays has been given in the table below. 

2.° Per cent shrinkage water in terms of true clay volume. This may 
be calculated by the formula 


g D(Vi — V2) 100 
= a : 
S = per cent shrinkage water in terms of true clay volume; 
D = specific gravity of powdered clay; 
Vi = volume of clay briquette in wet state; 
V2 = volume of clay briquette in dry state; 
W = weight of clay briquette in dry state. 


Values for several types of clay are given in the table below. 

3.+ Per cent of total water in terms of true clay volume, calculated 
from the formula 

D(W,1 — W) 100 


i 
W 


T = per cent total water in terms of true clay volume; 
D = specific gravity of powdered clay; 
Wi, = weight of clay in wet state; 
W = weight of clay in dry state; 
S — T = volume of pore water, and 
S—T 
i 


4, Per cent pore water in terms of true clay volume. 
5. Per cent water in terms of dry clay weight. 


= ratio pore to shrinkage water. 


1 Seger’s Collected Writings, I, p. 214. In this connection see also Patten and 
Gallagher, Absorption of Vapors and Gases by Soils, Bureau of Soils, Bull. 51, 1908; 
and Bull. 50, 1908; also Lindsay and Wadleigh, Jour. Amer. Ceram. Soc., VIII 
p. 677, 1925. 

2 Bleininger, Colloid Symposium Monograph, IT, p. 90, 1925, 

3U. S. Bur, Standards, Tech. Pap. No. 79. 

4 Ibid. 
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RANGE oF DIFFERENT Kinps of WATER IN SEVERAL TYPES OF CLAY 


I II IIL IV V 
TRANCE Rh conccocsedo aoe .64-1.10 
@rucible-clavssrei ae ane . 56-1 . 36/69 .5-132 .5/37.2-84.8)/40.5-55.1 
Glass pou-clays.je sen .65-1. 54/53 .4-132 .5|26.8-77 . 4/26 .6-59 .4/20.69-50.85 


Plastic fire-clays for No. 1 
fire-brick, Maryland. . .|/1.09-2.08 
Plastic fire-clays for No. 2 
fire-brick, Maryland. ..|1.13-4.15 
Stoneware-clay.......... .61-1.16]75.0-— 90.637 .1-55 .6|/34.0-45 .0 


I Pore water, shrinkage water. 

II. Per cent of water in terms of true clay volume. 
III. Per cent of shrinkage water in terms of true clay volume. 
IV. Per cent of pore water in terms of true clay volume. 

V. Per cent of water in terms of dry clay weight. 


Chemically combined water.—Chemically combined water, as its 
name indicates, is that which exists in the clay in chemical combina- 
tion with other elements. 

That which is combined in hydrous aluminum silicates passes off 
chiefly between 400° C. and 600° C., muscovite loses its water between 
500° and 700° C., while hydrous iron oxides dehydrate between 150° 
and 350° C.1 

Unless a clay contains considerable limonite or hydrous silica, the 
percentage of combined water is commonly about one-third the percent- 
age of alumina found in the clay. In pure, or nearly pure kaolin, there 
is nearly 14 per cent, and other clays contain varying amounts, ranging 
from this down to 3 or 4 per cent, the latter being the quantity found in 
some very sandy clays. The loss of its combined water is accompanied 
by a shght but variable shrinkage in the clay, which reaches its maximum 
some time after all the volatile matters have been driven off. 

In many clay analyses the chemically combined water is determined 
as loss on ignition, which is incorrect if the clay contains carbon dioxide, 
sulphur trioxide, or organic matter, all of which are driven off, in part 
at least, at a dull red. A properly made chemical analysis should also 
differentiate between water driven off below 100° C. and above 
100 Ge 


CARBONACEOUS MATTER 


Under this head is included all matter of carbonaceous character, 
most of which is of vegetable origin. Few sedimentary clays are entirely 


1 See further under Dehydration, Chap. V. 
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free from it, the material having become incorporated with the clay dur- 
ing its deposition. Although when first mixed with the clay it may have 
been more or less fresh, it has since then often undergone changes due 
to burial within the clay out of direct contact with the air, which have 
imparted to it an asphaltic or a coaly character. 

Carbonaceous material may occur in clay in three different forms, 
namely : 

1. Vegetable tissue, such as wood, leaves, stems, ete., in which form 
it is but slightly altered, and when of this character is commonly found 
in surface clays of recent origin. Organic matter of this character rarely 
affects the color of the raw clay and burns out easily, so that it causes 
but little trouble; then, too, it is usually present in but small amounts, 
rarely exceeding 1 per cent. 

2. Carbonaceous matter of asphaltic or bituminous character. This 
burns readily at a low red heat, because of the highly combustible gases 
given off fromit. It is found in some clays and in many shales, especially 
those associated with coal-seams, and in the shales which are worked 
may range anywhere from 0 to 10 per cent. If it increases above this 
the shales are not workable. Even 5 to 6 per cent causes much trouble 
in burning. 

3. Hard, or coaly carbon, resembling anthracite. This burns 
slowly, and gives off few combustible gases. 

Effects of carbon in clay.—Only the second and third of the groups 
mentioned need to be considered. The first alone causes trouble when 
it occurs in the form of sticks or thick roots and has to be screened out. 
It is, therefore, not included in what follows. 

Carbonaceous matter often serves as a strong coloring agent of raw 
clays. If present in small amounts it tinges them gray or bluish gray,! 
while larger quantities cause a black coloration. Indeed, so strong may 
this be that it masks the effect of other coloring agents such asiron. In 
fact, two clays colored black might burn red and white, respectively, 
because one had much iron and the other none, and yet, owing to their 
black color, this could not be foretold with definiteness. 

Asphaltic carbon, aside from its coloring action, often causes much 
trouble in burning, causing black cores, or even swelling and fusing of 
the brick. More than this, it may keep the iron in a ferrous condition 
and prevent the development of the best color-effects in the ware. 

The reason for this is due to several causes: 

Carbon has a strong affinity for oxygen, much stronger than that of 
iron, therefore as long as it remains in the clay it will monopolize the 


1 See under Iron Oxide regarding another possible cause of bluish cclor. 
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supply of oxygen and keep the iron in a ferrous condition, the form 
in which much of it is, in gray or black clays and shales. Now, in burn- 
ing a clay, one of the aims of the clay-worker is to get the iron into a 
ferric condition, so as to fully develop its coloring properties and prevent 
other troubles. As long as any carbonaceous matter remains the oxida- 
tion of the iron is prevented or retarded, and consequently the carbon 
must be burned out. 

The experiments of Orton and Griffin! have shown that between 
800° and 900° C. is the best temperature interval for burning off the 
carbon, as below this the oxida- 
tion of it does not proceed as 
rapidly, and above this there is 
danger of vitrification beginning 
and the oxidation being stopped. 

The method of procedure 
would therefore be to drive all 
moisture out of the clay first, 
then raise the heat as rapidly as 
possible toa temperature between 
800° and 900° C., and hold it 
there until the ware no longer 
shows a black core denoting 
Fig. 45.—Changes in burning a black ferrous iron. 
clay to a buff-colored brick. The lightest 


one was not removed from the kiln until 
the carbon was all burned off. (After Ries, 


N. J. Geol. Surv., Fin. Rept., VI, 1904.) supplying oxygen must be drawn 

into the kiln during burning, 
for the gases of combustion from the fuel will supply none. Oxidation 
may be accelerated by increasing the amount of air entering the kiln 
and by reducing the density of the clay as much as possible. 

In case this is not done, and the pores of the clay close up before all 
the carbon is burned off, it interferes with the expulsion of sulphur 
present which may result in a swelling of the clay. This may be even 
followed by complete fusion of the interior of the mass, caused by the 
formation of an easily fusible ferrous silicate. When the carbon is all 
burned off then the iron has a chance to oxidize. 

If the clay contains much asphaltic carbon, then the oxidation must 
be carried on with as little air as possible, otherwise the heat generated 
by the burning hydrocarbons may be so intense as to vitrify the ware 
before the oxidation is completed. 


In order to burn off the car- 
bon and oxidize the iron, air 


* Second Report of Committee on Technical Investigation, Indianapolis, 1905. 
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Since dense clays are more difficult to oxidize than porous ones, the 
process of manufacture may also influence the results, and in this con- 
nection it has been found that bricks made by the soft-mud process are 
most rapidly oxidized, followed by either the stiff-mud or dry-press 
(there being no difference between the two), and lastly by the semi- 
dry-press. 

In some experiments made on Stourbridge fire-clay,! it was found 
that no change took place below 500° C., but that at 600° C. oxidation of 
the carbon had undoubtedly begun. With full-sized bricks the cores 
became blacker as thetime =. 
at 600°C. is increased, but 1°77 7] 
when the temperature ap- — ¢00 
proached 650° C., a white — gy9° é 
ring, which changed to 1 
yellow, followed the re- 
moval of the carbonaceous °° 
matter. At 750°C. there 500 = 
was a darkening in the 
shade of the interior, which 


was thought to be pos- a 6 7 
sibly due to a diffusion of °° 0 
the carbon, although re- 100 


duction of the iron to a 
ferrous condition may also 


gonial fe ee ae Fig. 46.—Oxidation chart of a carbonaceous shale 
cores at this temperature paying block. (After Wilson, Univ. Wash., Eng. 
were definitely replaced Exper. Sta., Bull. 18, 1923.) 

by persistent yellow areas 

and a more prolonged soaking at 750°C. would not remove 


10 20 30 
TIME-HOURS 


them. 

Some other observers ? have noted that carbon is burnt out com- 
pletely by oxygen at 460° C. (850° F.). 

Effect of water on black coring.—It is often stated by brickmakers 
that black cores are caused by the brick being set too wet. This is not 
strictly true, and the relation is but a very indirect one. While carbon 
burns off most rapidly between the temperatures of 800° and 900° C., 
still it also passes off somewhat at much lower temperatures. If now 
the brick is set wet it requires so much more heat in the early stages of 
firing to drive out or evaporate the water that other changes, such as 


1 Theobald, L. S., and Green, A. T., Trans. Ceram. Soc. (Eng.), XXIV, p. 159, 


1924-25. 
2 Bole and Jackson, Jour. Amer. Ceram. Soc., VII, p. 163, 1924. 
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the oxidation of the carbon, will be retarded, and brick begins to vitrify 
before the process is completed. 

Miscellaneous effects.'—Aside from the effects of carbonaceous 
matter mentioned above it may affect the plasticity of the clay especially 
if it is in colloidal form,? increase its water-absorbing capacity, and in- 
crease the shrinkage. 


SULPHUR 


Many clays contain at least a trace of sulphur, and some of them 
show appreciable quantities, but determinations of it are rarely made, 
unless the clay is to be employed for Portland cement manufacture. 
As can be seen from the experiments of Seger, and more especially 
Orton and Staley, it may cause serious trouble, and should always be 
determined in the analysis of a clay. 

Sulphur might be present in a clay, as 

1. Sulphate, such as gypsum (CaSO4-2H2O), epsomite (MgS0Oq- 
7H2O), or melanterite (FeSO4-7H20). 

2. Sulphide, as pyrite (FeS2), or marcasite (FeS2). 

In addition to sulphur being present in the raw clay, some of it may 
be of secondary nature due to oxides of sulphur given off by the fuel 
and being absorbed by the clay during firing, forming sulphates of iron, 
lime, or possibly other bases. 

Jackson * states that Fe2O3 in clay will absorb sulphur from any 
source up to about 680° C. 

From experiments on a Columbus black shale, running high in car- 
bon, ferrous iron and sulphur, Orton and Staley * adopted the series 
of conclusions given below. 

The shale contained an average of 2.997 per cent of total sulphur, 
expressed as the element, of which .76 per cent was contained in soluble 
sulphates and 2.235 in sulphides. 

They conclude: 

1. Both sulphates and sulphides experience rapid diminution by 
dissociation, in that portion of the burn up to 800° C., in those portions 


1 Davis, Trans. Amer. Inst. Min. Engrs., LI, p. 455, 1915. 

* For references on carbonaceous clays see Theobald and Green, Trans. Eng. 
Ceram. Soc., XXIV, p. 159, 1924-25; Keele, Brick, LV, p. 45, 1919; Stull & Hursh, 
Ill. Geol. Surv., Cooperating Coal Mining Series, Bull. 18, 1917; Bole and Jackson, 
Jour. Amer. Ceram. Soc., VII, p. 163-174, 1924; Mellor, J. W., Trans. Ceram. 
Soc. (Eng.), XVI, p. 259, 1917. 

® Jour. Amer. Ceram. Soc., VII, p. 537. 

4Third Report of Committee on Technical Investigation, Nat. Brick Makers’ 
Assoe., Indianpolis, 1908. 
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of the ware which get air freely. This loss of sulphur may amount to 
two-thirds or three-fourths of the amount originally present. 

2. Both sulphates and sulphides experience a further slow diminution 
by dissociation or oxidation, beginning at 800° C., and continuing as 
long as the clay structure remains porous and permeable to air. The 
loss of sulphur may amount to 90 per cent or more of the initial sulphur 
content at the end of the period, but it proceeds increasingly slowly, and 
would probably never become complete. 

3. In the interior portions of the clay, to which air cannot readily 
penetrate, the loss of sulphur may be less, and if there are any bases, 
such as FeO, CaO or MgO present, with which the sulphur may com- 
bine, the sulphur is not likely to be expelled. 

4. Carbon, even in small quantities, interferes strongly with the 
expulsion of sulphur, which does not pass off to any extent until after 
the carbon goes. The clay may therefore have become too dense by 
that time for the oxidation of the sulphur to proceed, so that the carbon 
has virtually prevented its escape. 

5. Sulphur retained in the clay in any form and from any cause is 
not likely to cause physical disturbances in the clay until a fairly com- 
plete degree of vitrification is reached. 

6. When a clay reaches a dense vitrified condition it proceeds nor- 
mally, after a longer or shorter interval, to become less dense, by reason 
of the development of multitudes of minute vesicles in the viscous body; 
this process is progressive and in the end the body becomes spongy and 
worthless. 

7. The length of this period of dense vitrification is much shortened, 
and in some cases practically abolished, by the presence of sulphur com- 
pounds, which break down and evolve gases copiously, producing a 
prematurely spongy body. 

8. The cause of this gas evolution is chiefly the dissociation of sul- 
phides and sulphates by silicic acid, which becomes increasingly active 
as the temperature rises, and appropriates the bases formerly combined 
with the sulphur. 

9. In clays of low sulphur content, and of favorable structure for 
oxidation, the amount of sulphur left in the clay at vitrification is very 
small. Hence the period of good structure is long, the vesicular struc- 
ture develops slowly, and the clay is said to stand overfiring well. 

10. In clays of high sulphur content, or of dense structure unfavor- 
able for oxidation, or of high content of iron and carbon, the escape of 
the sulphur is prevented, the clay has a very narrow period of usefulness, 
or none at all, and the vesicular structure becomes enormously exag- 
gerated. 
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11. While this premature and exaggerated swelling from sulphur 
may in bad cases occur in well oxidized clays, it is practically certain to 
occur where clays containing a partly oxidized core are allowed to reach 
the vitrification period. 

12. This breaking down of sulphur compounds by silicic acid is the 
chief or common cause of the premature swelling of black colored clays, 
and the occasional cause of sudden and severe swelling of properly 
oxidized clay wares. 

13. The proper way to avoid the effects of sulphur in vitrifying clay 
bodies is to apply a deliberate and complete oxidation treatment while 
the clay remains porous. This will rid the clay of the greater part of the 
sulphur, and will prevent sudden or premature slagging of the clay by 
ferrous oxide, if it is true that ferrous oxide has such a tendency, and 
will thus avoid, so far as possible, the conditions which favor swelling. 
Clays which still give trouble from swelling after treatment must be 
regarded as bad clays. 

Ferrous sulphide cannot be broken up by heat alone, but only 
by roasting in air, or interaction with silicic acid, for according to Seger,! 
silicic acid at high temperatures has the power of displacing all other 
common acids, and combining with their bases to form silicates. It 
thus has the power to replace sulphuric acid, and the sulphur of sulphides. 
He found that a bisilicate glass mixture, saturated with sulphates, 
showed 4 per cent sulphuric acid, while the same glass with one more 
molecule of silica added and melted at the same temperature and under 
same conditions contained but 2 per cent sulphuric acid. Applying 
this to clay he reasoned that in raising the temperature of burning, the 
fusing matrix of a clay becomes more siliceous, resulting in the expulsion 
of sulphur. 

The diagram, Fig. 47, shows the rate of expulsion from the Columbus 
shale tested by Orton and Staley.” 

Jackson has recently presented a most interesting series of articles 
on this subject,? in which he emphasizes certain points and detailed 
laboratory and plant experiments. 

He notes, as already recognized, that when pyrite is heated, a por- 
tion of the sulphur is driven off, the FeS2: burning to FeS and SOs. 
This may take place at not above 500° C., but all of the sulphur is not 
gotten rid of until 925° C, 


' Collected Writings (Translation), II, p. 646, 1902 

Palle Ge 

* Jour. Amer. Ceram. Soc., VII, pp. 168, 228, 427, 532, 634, 656; see also 
Mellor, Trans. Eng. Ceram. Soc., VI, p. 142, 1907, and VII, p. 112, 1908. 
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The FeS may by oxidation change in several ways as follows: 
4FeS + 702 = 2Fe203 + 4809; 
FeS + 202 = FeSO; 
2FeS + 502 + SOg = Feo(SO4)3. 


If ferric sulphate is formed, the decomposition of this is mostly 
between 560° and 775° C, 

If evolution of SOz or SO3 due to oxidation of FeSs takes place, much 
of this may be absorbed by impurities in the clay to form sulphates. 

If the sulphur remains in the clay it may form a ferrous-sulpho- 
silicate ' which is not easily decomposed by the heat, but when decom- 
position begins it may occur suddenly and swell the ware, if there is 
no chance for the evolved gases to escape. 

On this point Jackson appears to differ with Orton and Staley, and 
Seger, who assumed that the silica displaced sulphur and joined the iron. 

If oxygen cannot get into the ware, the iron remains in a ferrous 
state and forms a black core. 

Since the sulphur causing trouble in ceramic work may sometimes 
be derived in appreciable quantity from the coal, the composition of 
the fuel should be carefully considered.” 

Sulphur from fuel is carried into the kiln chiefly in the form of sulphur 
dioxide, and at first will be oxidized and absorbed by the ware if sul- 
phates of any bases are present, such as iron, alumina, lime, magnesia 
and potash. 

One fact brought out by Jackson’s experiments was that increasing 
the amount of sulphur in the kiln atmosphere did not cause a corre- 
sponding increase in the absorption of sulphur by the ware, in fact 
a large proportion of the maximum absorption occurred in a kiln atmos- 
phere of very low sulphur content. The greatest absorption of sulphur 
took place at about 496° C. The time of firing seemed to exert little 
influence. 

The author concluded that sulphur combines with the different 
bases according to the nature of the compound in which they exist in 
the clay and also to the temperature. Carbonates are the most easily 
attacked, and silicates less so. Water vapor is the intermediate agent 
needed for the formation of objectionable sulphur compounds. 

The preventive measures are thorough drying of the ware, mainte- 


1 Jackson, Jour. Amer. Ceram. Soc., VII, p. 537, 1924. 
2See C. W. Parmelee, Effect of Sulphur in Coal used in Ceramic Industries, 
Amer. Inst. Min. Engrs., Trans., LXIII, p. 727, 1920. 
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nance of a good draft during water smoking, and use of clays free from 
carbonates of iron, lime and magnesia. 

Summarizing Jackson’s work the following points may be noted: 

Much of the volatile sulphur in the coal may be absorbed by the 
ware up to 760° C., and in four ways: (a) SOz is absorbed by surface 
moisture up to 100° C., after which the H2SO3 is decomposed; (b) SO3 
is similarly absorbed up to 100° C., but the H2SO4 is not decomposed 
below 260° C.; (c) Fes(SO4)3 is formed by absorbed acid solutions or 
kiln gases; (d) sulphur is locked up in an insoluble form, possibly sul- 
phosilicate. 

Sulphur is evolved from the kiln in the following ways: (a) Sulphur 
gases not absorbed by the ware; (b) SOz from SOs breaking up at 
100° C.; (c) SO3 from H2SO4 at about 260° C.; (d) decomposition of 
pyrite, etc., beginning at about 426° C.; (e) decomposition of Fe2(SO4)s, 
mostly between 560° C. and 775° C.; (f) decomposition of ferrous sul- 
phosilicate, probably beginning about 704°C. The evolution of the 
sulphur may be temporarily retarded by igniting carbon in the kiln, 
which would tend to retard oxidation of pyrite. A core may be formed 
if pyrite is burned out on the surface only. Too rapid firing forms a 
different core. 


PuHospHoric ACID 


Phosphoric acid is a substance that is rarely determined in clays, 
though it is not unlikely to have a wide distribution. It might be 
present as an ingredient of either amorphous or erystalline phosphate 
of lime, or of vivianite, the phosphate of iron, or perhaps even other 
phosphates. 

In West Virginia it was found in all the clays examined in the labora- 
tory of the Geological Survey.! About one-quarter of the clays showed 
only a trace, but in the others it varied from .04 to 1.09 per cent, with 
an average of .316 per cent. 

Whether such small amounts exert any recognizable effect in burn- 
ing 1s not known, but, C. W. Parmelee ? states that the presence of 
phosphoric acid in sufficient amount gives translucency to the ware, 
improves the color, and acts as a flux and vitrifying agent. 

With a slight increase in silica, the fusibility is increased, and the 
addition of lime or feldspar in small quantities also made the mixture 
more fusible. 

Thus a mixture of the formula AlsO3-.56 SiOo-.7 PsOs showed 


1W. Va. Geol. Surv., III, p. 21, 1906. 
? Action of Phosphoric Acid in Body Mixtures, Trans. Amer. Ceram. Soc., VIII, 
p. 238, 1906. 
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marked translucency, but stood at cone 13. One with AlsO3-2.8 SiQs- 
.7 P2Os was half over, while a third with .3 K20- Alg03-2.8 SiO2-.7P205 
was melted at the same cone, 


VANADIUM 


Although this element is not common in clays, small quantities are 
not uncommon and may be the cause of discoloration. In Germany 
vanadates have been found in clays associated with the lignites, and 
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Fic. 47.—Curves showing influence of the carbon and iron on the rate of expulsion 
of sulphur. (After Orton and Staley.) 


also some fire-clays.' Clays containing soluble vanadates, if not 
fired at a sufficiently high temperature, will show on the surface of the 
ware a green discoloration which, although it can be washed off with 
water, will continue to return as long as any of the salt is left in the brick. 

O. Kallauner and I. Hruda®? after pointing out that Seger noted 
that KVO3 often causes scumming and yellow discoloration on bricks, 
quote their experiments to the effect that V203 in small amounts does 


1 Seger, Ges. Schrift., p. 301; also Tonindus. Zeit., No. 46, p. 53, 1877. 
2 Sprechsaal, XLV, p. 333 and 345, 1922. 
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not affect the fusibility of the clay, but that 20 per cent reduced the 
fusion-point of kaolin from cone 35 to 30, and 40 per cent reduced it to 
cone 15. V203 caused yellow discoloration in amounts as small as .1 
per cent, and as little as .001 per cent might cause scumming. This 
they say may be reduced by the addition of barium or lime compounds, 
or by reducing fire, 


SoLuBLE Satts ! 


It is a well-known fact that many clays contain at least a smal 
percentage of water-soluble compounds, which may be brought to the 
surface on drying, remaining there as a coating, usually white in color. 

These white coatings may appear on the ware during the drying, 
burning, or even after setting in the wall. 

It has been suggested by Parmelee,? that the term efflorescence be 
used to designate those accumulations of soluble salts upon the surface, 
which have been brought there in solution, and deposited when the water 
evaporates. The term scum he recommends be restricted to those depos- 
its of soluble salts formed by the action of gases upon the wares during 
drying and burning. 

Sources of soluble salts in clay.—It has been pointed out in Chapter I 
(Origin of Clay) that in the decomposition of mineral grains clay soluble 
compounds are often formed. 

Pyrite or more particularly marcasite, will oxidize to iron sulphate, 
which when brought to the surface by water, may be deposited there 
as a yellowish or brownish efflorescence. There is in addition an indi- 
rect trouble, in that sulphuric acid is set free in the decomposition of the 
iron sulphide, and may attack carbonates of lime, magnesia or iron in 
the clay, and form sulphates. 


1 For additional information on this topic see the following references: Ashley, 
U.S. Bur. Stand., Tech. Pap. No. 25, p. 96; Bleminger, Trans. Amer. Ceram. Soc., 
XV, p. 528, 1918; Coates, Trans. Amer. Ceram. Soc., XVI, p. 162, 1914; Collin, 
Can. Dept. Mines, Mines Branch, Investigations 1925, No. 672, p. 9, 1926; Curry, 
Jour. Amer. Ceram. Soc., IX, p. 392, 1926; Gates, Jour. Amer. Ceram. Soc., III. 
p. 313, 1920; Gerlach, Brickbuilder, 1898, p. 59; Guenther, Baumaterialienkunde, 
I, p. 386, 1896; Haegerman, Tonindus. Zeit., L, p. 237, 1926; Hill, Bull. Amer, 
Ceram. Soc., I, p. 51, 1922; Jones, Trans. Amer. Ceram. Soc., VIII, p. 369, 1906; 
Lovejoy, Trans. Amer. Ceram. Soc., VIII, p. 255, 1906; Miickler, Tonindus. Zeit., 
No. 43, 1904; Mellor, Clay and Potteries Industries, p. 53; Parmelee, Jour. Amer. 
Ceram. Soc., V, p. 543, 1922; Parmelee, Brick, LXI, p. 249, 1922; Seger, Collected 
Writings, I, pp. 213, 376, 369, 381; Sembach, Ber. deut. Keram. Ges., V, p. 225, 
1925; Williams, Trans. Amer. Ceram. Soc., XVII, p. 764, 1915, and XVIII, p. 271, 
1916. 

2 Jour. Amer. Ceram. Soc. V, p. 543, 1922. 
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Parmelee suggests using such a clay promptly, or else to weather it 
long enough to permit the complete change and leaching of the sulphides. 
This may not help, however, if more sulphates are formed. 

As an illustration of the development of soluble salts in weathering, 
Ries ! gives the case of a clay containing pyrite, which showed .2 per 
cent soluble salts when mined, and .87 per cent after weathering. 

It is possible that some of the soluble matter may be due to portions 
of the clay particles going into solution as a result of long contact with 
, water. 

In some eases soluble sulphates may be even introduced into the 
clay by the water used for tempering, for distilled water is the only kind 
that is free from soluble salts. All well and spring waters contain some 
at least, and if these flow or drain from clays or rocks containing any 
pyrite they are almost sure to contain soluble salts. Those flowing from 
lime rocks are usually “‘ hard,” on account of the lime carbonate which 
they contain. Still another source of soluble salts in raw clay les in 
some of the artificial coloring materials which are sometimes used. 

Character of soluble salts—According to Parmelee, soluble 
salts include hydrated silicic acid, aluminum salts, probably mostly 
sulphate, sulphates of iron, lime, magnesia, soda and potash, and also 
sodium chloride. Of these the sulphates of lime and magnesia are com- 
monly regarded as the most troublesome.” 

Amount of soluble salts in clay—A number of determinations of 
soluble salts have been made by different investigators. 

Mellor * gives .015 per cent for English china-clay and .4 per cent 
for ball-clay. In the latter he states they are chiefly soluble silicic 
acid and soluble silicates of alkalies and alkaline earths, with about 1-2 
per cent of alkaline chlorides, and about 20 per cent sulphates. Jor New 
Jersey clays, Ries*+ records, zero to 1.49 per cent, and for Texas,° 
.05 — 1.21 percent. Grout, for West Virginia,® reports from .05 — 1.21 
per cent. 

Amount of soluble salts causing trouble.—It is not definitely known 
how much soluble matter is permissible in a clay without danger of its 
forming a white coating, but it is probable that less than .1 per cent may 


1 Univ. of Texas, Bull. 102. 

2 Grimsley and Grout (W. Va. Geol. Surv., III) in their work on the W. Va. clays 
found that some of the soluble salts were unexpectedly high in Al,O3 and SiO», and 
showed no sulphates. 

3 Clay and Pottery Industries, p. 56. 

4N. J. Geol. Surv., XI, p. 76, 1905. 

5 Univ. of Texas, Bull. 102, p. 45. 

6 W. Va. Geol. Surv., III, p. 26, 1905. 
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cause trouble. Searle! says that as little as .01 per cent of sulphates 
have been known to spoil a facing-brick, and quotes Miackler as stating 
that the amount of scum on the ware bears a definite relation to the 
amount of magnesium and sodium sulphates, but not to the total soluble 
salts. In a series of fifty bricks which Mickler? examined he found that 
the sum of the sulphates of lime, magnesia and alkalies varied from 
.0134 per cent to .7668 per cent. 

Soluble salts developed during manufacture.—The term dryer-white 
is applied to a coating of soluble salts which forms on the ware in the 
dryer or dry-house. If in the nature of efflorescence it may be due to 
soluble salts in the clay or in the water used for mixing. The more 
soluble the compounds, and the finer their texture, the easier they go 
into solution and the more abundant the efHorescence. Finer-grained 
clays dry more slowly, and this may encourage the movement of soluble 
salts to the surface, because the water moves slowly and is longer in 
contact with the particles. 

The scum formed on the ware in drying may be due to waste gases 
from the kiln which carry oxides of sulphur. These coming in contact 
with carbonates in the clay in the presence of moisture convert them into 
sulphates (see under Sulphur.) A7vln white is a name applied to surface 
accumulations of soluble salts formed during burning. 

If in the nature of efflorescence, it may come from soluble salts in 
the ware, which have been brought to the surface of the latter, if not in 
the dryer, then during the early stages of burning. 

If the coating is scum, it may be due to oxides of sulphur in the fuel, 
acting in the same manner as mentioned under dryer white. Parmelee > 
points out, however, that if the temperature is sufficiently high the 
“acid passes through the kiln with little or no effect on the ware.” In 
the event of the ware being fired sufficiently hard, the soluble salts may 
be fixed by fluxing with other ingredients of the clay. 

This is brought out by the following determinations made by the 
author on five samples of bricks made from a limy clay and representing 
different degrees of firing.* 


SOLUBLE SALTS IN Firep Brick 


Per cent 
A Softest burn 4.50 
B 2.20 
C beg 
D e323 
E Hardest burn 1.038 


1 Clayworkers’ Handbook, p. 335. *1. e. 
2 Tonindus. Zeit., No. 48, 1904. * Ries, Wis. Geol. Surv., Bull. XV, p. 21, 1906. 
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With reducing atmosphere in the kiln sulphites may form instead 
of sulphates and these are easily decomposed. 

The name wall white, wall saltpeter or wall niter, is applied to white 
coatings of soluble salts appearing on brick walls. It sometimes appears 
on bricks piled up in the yard on ashes or cinders, being drawn up from 
these by moisture. 

In other cases it may come from the brick itself, from mortar espe- 
cially if it contains too much lime, from gypsum in Portland cement 
mortar, from mortar colors, or even salt if the latter is used in mortar 
during freezing weather. 

Porous bricks are apt to give more trouble than dense-burned ones. 
Disintegration of brick work is sometimes due to soluble salts erystalliz- 
ing in the pores. 

Disintegration of brick, concrete or building stone is sometimes 
noticed in dry climates, where the soil contains much soluble mineral 
matter, which is drawn up by evaporating moisture. 

In some instances the bricks become covered with a yellow or green 
stain, which is caused either by the growth of vegetable matter on the 
surface of the ware, or by soluble compounds of vanadium,! although 
another writer, Hill, claims that the yellow-green stain developed on 
some clay products is due to iron.” 

Prevention of soluble salts —The methods of prevention that have 
been suggested for dryer-white and kiln-white are: 

1. Use of the clay in its unweathered condition, or before the soluble 
salts have time to form. 

2. Use of the clay in a thoroughly weathered condition, thus per- 
mitting removal of soluble salts by leaching. 

3. Change the soluble salts to a harmless form by precipitation with 
barium compounds. 

4, Prevention of concentration of salts on surface of brick by rapid 
drying. 

5. Removal of scum in the kiln by using a reducing flame. 

6. Coating of the brick with some combustible substance, as wheat 
flour or coal-tar, which burns away with a strong reducing action and 
removes the soluble salts. 

Referring in more detail to 3, it may be explained that the substance 
commonly added is either barium chloride or barium carbonate. When 
barium salts come in contact with soluble sulphates, barium sulphate 
is formed, a combination which is insoluble in water. This is 


1 Seger’s Collected Writings, p. 381. 
2 Bull., Amer. Ceram. Soc., I, p. 51, 1922. 
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expressed by the following chemical reactions if barium carbonate 
is used: 
CaSO + BaCO3 = CaCO3 + BaSOs. 


We thus see that we get compounds which are less soluble than the 
original ones. If soluble sodium compounds are present, the addition of 
barium carbonate will form sodium carbonate, but since this is easily 
soluble in water it can be washed off without much trouble. 

Barium chloride, because of its greater solubility and easier distribu- 
tion through the clay, may be used in place of a part of the barium car- 
bonate. An excess of it might cause efflorescence. Barium fluoride, 
which is intermediate in solubility between the carbonate and chloride, 
has also been suggested, as has been barium hydroxide.! 

Since, in drying molded-clay objects, the evaporation is greatest from 
the edges and corners of the ware, the incrustations may be heaviest at 
these points, but the more rapidly the water is evaporated the less will 
be the quantity of soluble salts deposited on the surface. Incrustations 
which appear during drying are found more commonly on bricks made 
from very plastic clays, which, owing to their density, do not allow the 
water to evaporate quickly. 

Remedy for wall-white.—This is more difficult, but consists primarily 
in preventing entrance of moisture to the walls. It is suggested to 
make the walls as impervious as possible by the use of well-burned 
brick, and proper drainage and waterproofing of the foundations. If 
the efflorescence appears, the walls may be painted so as to cover the 
efflorescence, but it may then peel off in damp spots. A coat of paraffine 
or linseed oil will conceal the white coating somewhat, but also darken 
the brick. They should also be made waterproof if possible. 


1 Gates, Jour. Amer. Ceram. Soc., III, p. 313, 1920. 


CHAPTER IV 
PHYSICAL PROPERTIES OF CLAY 


Introductory.—Under Physical Properties there are included plas- 
ticity, texture, green strength, shrinkage, volume, porosity, specific grav- 
ity, color, slaking, permeability, capillarity, absorption, and fusibility. 


PLASTICITY 


Definition.— Plasticity is probably by far the most important prop- 
erty of clay, lacking which it would be of comparatively little value for 
the manufacture of clay products. Seger ! has defined it as the property 
which solid bodies show of absorbing and holding a liquid in their pores, 
and forming a mass which can be pressed or kneaded into any desired 
shape, which it retains when the pressure ceases, and, on the withdrawal 
of the water,” changes to a hard mass. The term hard of course refers 
to its hardness as compared with its wet condition, for some air-dried 
clays are rather soft. 

This is a somewhat narrow interpretation of the property of plasticity, 
and one which would practically exclude anything except very plastic 
clays. 

A broader conception, and probably a more satisfactory one to the 
physicist, would be to define plasticity as the property which many 
bodies possess of changing form under pressure, without rupturing, 
which form they retain when the pressure ceases, it being understood 
that the amount of pressure required, and the degree of deformation 
possible, will vary with the material. 

Definitions similar to Seger’s have also been suggested by Grout ? 
and Searle,‘ but the latter likens it to the malleability of metals, although 
remarking that clays are unique in that the plasticity is destroyed on 
loss of water. 

1 Beziehungen zwischen Feuerfestigkeit und Plasticitat der Tone.—Tonindustrie- 
Zeitung, 1890, p. 201; Collected Writings, I, p. 533. 

2 By evaporation. 

3 Jour. Amer. Chem. Soc., X XVI, p. 1037, 1905. 

4 Chemistry and Physics of Clays and other Ceramic Materials. 
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Bingham ! says plasticity is a complex property, and that it invclves 
at least two factors, viz.: (1) A definite shearing stress, or the yield 
value, and (2) mobility which is determined by measuring the volume 
flow of the clay in a given time, under varying pressures, through a 
capillary tube. 

According to this, the line of demarcation between a viscous suspen- 
sion and a plastic substance is that in the former the line of the pressure- 
flow curve passes through the origin, but in the latter intersects the 
axis at a definite pressure value. The slope of the linear-pressure flow 
curve is a function of the mobility and the intercept of the yield value. 

J. W. Mellor 2 defines plasticity as ‘‘ the property which enables a 
clay to change its shape without cracking when it is subjected to a 
deforming stress.” 

According to him it is affected by two factors: 1. The internal fric- 
tion which can be otherwise represented as the resistance which the clay 
offers to changing its shape. 2. The cohesion, represented by the 
amount of deformation which the clay can suffer without cracking. 

Plasticity might not be regarded as a property of clays alone, for, as 
pointed out by B. Zschokke? in connection with his study of the methods 
of testing it, other bodies, such as lead and wax, are plastic in their 
natural condition at ordinary temperatures, while copper, steel, and glass 
are plastic at higher temperatures. 

Others, like clay and some mineral aggregates, are plastic only when 
wet, but even then vary greatly in their plasticity. 

Some writers on clay, in attempting to give examples of plastic and 
non-plastic bodies, have sought to compare clay and sand, stating that 
the latter, even when fine-grained and wet, shows no plasticity; and, 
while it is true that a very fine-grained wet sand, or a finely ground 
mass of quartz, does not under pressure show the same amount of deform- 
ability without rupture as clay, still it shows some,* and the question may 
be asked whether both are not classifiable as plastic bodies, the one but 
slightly plastic and the other highly so. It is indeed possible to get a 
series of samples showing a complete gradation from a highly plastic 
clay to a but slightly plastic ground quartz. The latter will moreover 
hold its shape when dry, even though it will stand practically no handling 
without breaking. 

Instead, therefore, of intimating that plasticity when wet is a prop- 


1 Proce. Amer. Soc. Test. Mat., 1919-1920. 

2'Trans. Ceram. Soc., (Eng.) X XI, p. 91, 1921. 

* Tonindustrie-Zeitung, No. 120, p. 1658, 1905; and Baumaterialienkunde, 1902, 
No, 24, 25-26; 1903, Nos. 1-2, 3-4, and 5-6. 

*See G. P. Merrill, Non-metallic Minerals, p. 221. 
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erty peculiar to clay, it would perhaps seem more correct to state that 
this property is highly developed in clays as compared with other earthy 
and sandy materials of very fine grain. 

An important character, closely dependent on the degree of plasticity 
exhibited by finely textured mineral aggregates, is the assumption of 
amore or less hard condition when dry, the degree of hardness increasing 
usually with the plasticity. 

Hardening on exposure to heat is not necessarily a function of 
plasticity, but is due to the particles softening by fusion and becoming 
welded together. In those highly plastic mineral aggregates (our most 
plastic clays) this hardening begins to take place at a comparatively low 
temperature, because the particles are very fine-grained and come into 
the closest contact, thereby facilitating heat reactions; while, in the 
coarser-grained ones, the particles are not only more or less separated by 
interspaces, but there are more quartzose grains, which of themselves 
are refractory, and therefore heat reactions occur at higher temperatures, 
or else, if any fusion occurs at a lower heat, it is insufficient to bind the 
mass together into an impervious body. 

Cause of plasticity in clay.—Scientists have for a long time sought 
to explain the cause of this most interesting physical property, and, 
while many theories have been advanced, none are wholly satisfactory. 

The theories proposed are: Water of hydration, Texture, Plate, 
Interlocking grain, Ball, Colloid, Molecular attraction, ete. 

Water of hydration theory.—Several of the earlier writers including 
Vogt,! Arons,? Bischof,? Seger,* as well as others have expressed the 
view that the hydrated aluminum silicates in the clay, were at least 
one, if not the sole cause of plasticity. This was based on the assump- 
tion that the dehydration of the kaolinite and the loss of plasticity, 
were coincident, and furthermore that kaolinite formed the basis of all 
clays, a view now known to be incorrect (see Origin of Clay.). 

The combined water, however, does not bear any direct relation to 
the plasticity, for two clays having exactly the same amount, may differ 
greatly in their plastic qualities, and some very plastic clays contain 
little hydrated silicate of alumina.°® It has also been shown © that all 


1 Tonindus.-Zeit., 1893, p. 140, and Comptes rend., Acad. Sci. Paris, CX, p. 1199, 
1890. _ 

2 Dammer, Chemische Technologie der Neuzeit, I, 1910. 

’ Die feuertesten Thone. 

4 Collected Writings, I, p. 69. 

5 Ries, Md. Geol. Surv., IV, p. 248, 1902. Seaman (Chem. Centralbl., 1890, 
I) describes a highly plastic clay which contains practically no Al.O3, but shows, Ign., 
7.95; ZnO, 54.06; SiOz, 35.29; CaO, 1.80; Al2Os, 1.64. 

® Montgomery and Brown, U. 8. Bur. Stand., Tech. Pap. No. 21, 1913. 
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the combined water of the clay is not a part of the clay base in the sense 
of water of hydration, and that the clay has no definite dehydration 
temperature. 

Montgomery and Brown, for example, assert that dehydration does 
not necessarily completely destroy plasticity, while Rohland ' contends 
that it is lost at the temperature at which combined water begins to be 
evolved, or about 590° C. 

In the experiments of the former? it was found that surface clays 
examined lost their plasticity at about 400° C., ball-clays at 450° C., 
kaolins at 500°-600° C., the more plastic ones being affected more 
than the less plastic; No. 2 fire-clays at 600°-750° C., and some 
shales at 750°-800° C. 

Texture thecry.—Among the theories advanced to explain the 
cause of plasticity is that of fineness of grain. Whitney, for example, 
in studying soils, has designated as clay all those portions which were 
under .005 mm. in diameter.* 

While it is true that the clayey particles of clays consist of grains 
of all sizes below the limits mentioned above, still plasticity cannot be 
explained on this ground alone. Very finely ground quartz, feldspar 
or mica are slightly plastic, but not nearly as much so as most clays. 
Moreover, the finest-grained clays are not always the most plastic ones. 
Wheeler * has noted that samples of quartz and limestone ground suffi- 
ciently fine to pass a 200-mesh sieve felt plastic when wet, but fell to 
pieces when dry, and the same results were obtained by Orton © with 
glass ground to exceeding fineness. When we recollect, however, that 
clay particles are smaller than 0.0001 mm., 0.02 in. (0.508 mm.) is not 
sufficiently fine grinding for testing the accuracy of the theory. That 
fineness no doubt exerts some influence on plasticity is evidenced by 
the fact that fairly plastic clays can often be rendered more plastic by 
fine grinding, and the addition of sand is said by Beyer and Williams to 
injure plasticity directly as the diameter of the grains increases.® 

On the other hand Wheeler found that finely ground gypsum and 
brucite had considerable binding power and plasticity, but in this case 
the plasticity was not ascribed to fineness alone. 


1Silicat. Zeit., II, p. 30, 1914. 
* Brown, G. H., and Montgomery, E. T., U. 8. Bur. Stand., Tech. Pap. No. 21, 
js ICG}: 
*'The Mechanical Analysis of Soils, Dept. of Agric., Bur. of Soils, Bull. 4, p. 15, 
1896. 
* Mo. Geol. Surv., XI, p. 102, 1896. 
SES TtCkem VO XIV eeeligs 


°Ta. Geol. Surv., XIV, p. 86, 1904; also Douda, Jour, Amer, Ceram. Soc., III, 
p. 885, 1920. 
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In this connection we may point to the researches of Daubrée, who 
claimed that feldspar, ground wet, gradually became plastic if allowed to 
stand, but that dry-ground feldspar lacked plasticity, and from this 
Olchewsky has reasoned that it is prolonged contact of the mineral 
grains with water during their sedimentation that develops plastic 
qualities in the mass.! 

These differences of opinion as pointed out by Davis 2 may be due 
to the fact that the several authors have not the same conception of 
what constitutes a plastic mass or where plasticity ends. 

Other observers as Grimsley and Grout,? Atterberg,t Rohland,® and 
Daubrée,° have commented on the increase in plasticity which is caused 
by grinding. 

Plate theory.—Johnson and Blake 7 advanced the theory that most 
plastic clays seem to be composed largely of small transparent plates, 
which were bunched together. They state: 


“We have examined microscopically twenty specimens of kaolins, pipe- and fire- 
clays. . . . In them all is found a greater or less proportion of transparent plates, 
and in most of them the plates are abundant, evidently constituting the bulk of the 
substance. 

“The plasticity of a clay is a physical character, and appears to have close con- 
nection with the fineness of the particles. The kaolinite of Summit Hill, consisting 
of crystal plates averaging 0.003 of an inch in diameter, is destitute of this quality. 
The nearly pure kaolinite from Richmond, Va., occurring mostly in bundles of much 
smaller dimensions, the largest being but 0.001 of an inch in diameter, is scarcely 
plastic. . . . The more finely divided fire-clay from Long Island is more ‘fat,’ while 
the Bodenmais porcelain earth, and other clays in which the bundles are absent 
and the plates are extremely small, are highly plastic.” 


Other investigators appear to have attributed the cause of the plas- 
ticity to these plates, for this same view was advanced in 1878 by Bieder- 
mann and Herzfeld,® and in this country a similar view was held by 
Cook, who considered the plasticity to be due to the plates of kaolinite. 
He noted the bunched character of these in some clays, and pointed out 
that attrition broke up these bunches and increased the plasticity. 

Haworth,'° in examining the Missouri clays, found the most plastic 


1 See also Linder, E. T.; Tonindustrie-Zeitung, XX XVI p. 382. 

2 Trans. Amer. Inst. Min. Engrs., LI, p. 455, 1915. 

3W. Va. Geol. Surv., III, p. 46, 1905. 

4 Zeitschr. f. angew. Chem., XXIV, No. 20, 1911. 

® Die Tone, Vienna, 1909. 

6 Referred to by A. S. Cushman, Trans. Amer. Soc., VI, p. 66, 1904. 

7 Amer. Jour. Sci. (2), p. 351, 1876. 

8 Bischof, Die Feuerfesten Thone, p. 23; also Hussak, Sprechsaal, 1889, p. 135. 
9N. J. Geol. Surv., Report on Clays, 1878, p. 287. 

10 Mo. Geol. Surv., Vol. XI, p. 104, 1896. 
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clays to be composed of minute scales, and Wheeler! sought to prove 
this point experimentally by finely grinding minerals possessing a plate- 
like structure. Calcite and gypsum when finely ground were found to 
develop good plasticity when mixed with water, and to have tensile 
strengths when air-dried of 100 and 350 Ibs. per sq. in. respectively. 
Tale and pyrophyllite were likewise plastic when finely ground and 
mixed with water, but developed little strength when dry. 

LeChatelier ? and Atterberg * also leaned towards the plate theory. 

It must be admitted that a mass of very small platy grains, slipping 
over each other and separated by films of water, would no doubt exhibit 
both mobility and cohesicn,* and there is some evidence bearing on it. 

Thus, R. T. Stull ® found that mica after grinding showed a “ sur- 
prising increase in plasticity,’’ while Ries ® has described a clay from 
Texas which was sufficiently plastic to mold, but which analyzed 98 
per cent dolomite, and under the microscope was seen to be made up of 
little rhombs about 0.008 mm. in diameter. Another interesting case 
would be that of bentonite, which when pure is made up largely of micro- 
scopic plates of the mineral montmorillonite, and which may show 
appreciable plasticity. Lastly, attention might be called to the com- 
ment of Cook, who claimed that the New Jersey fire-clays showed 
bunches of small plates, which when separated by grinding increased the 
plasticity of the clay.’ 

Interlocking-grain theory—Olchewsky ® was probably the first to 
suggest that the plasticity and cohesion of a clay were dependent on 
the interlocking of the clay particles and kaolinite plates, and in this 
connection used the briquette method of testing the plasticity, or rather 
obtaining a numerical expression for it, by determining the tensile 
strength of the air-dried clay. 

Still later two Russian investigators, U. Aleksiejew and P. A. Cremi- 
atschenski, in studying the Russian clays ° have come to the conclusion 
that plasticity is due not only to the interlocking of the clay particles, 
but varies also with the fineness of the grain, the extreme coarse and 
fine ones both having less plasticity. 

If the tensile strength of a clay depends on the degree of interlocking 


'Tbid., p. 106, 1896. 

*, Van Bemmelen’s Gedenkboek, p. 163. 

* Zeitschr. fiir angew. Chem., XXIV, May 19, 1911. 
“See description of Montmorillonite. 

* Trans. Amer. Ceram. Soc., IV, p. 257, 1902. 

6 Amer. Jour. Sci., XLIV (4), p. 316, 1917. 

7 Clays of New Jersey, N. J. Geol. Surv., 1878. 

8 Tépf. u. Zieg. Zeit., No. 29, 1882. 

* Zap. imp. russk. techn. obschtsch., 1896, XXX, pt. 6-7. 
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of the clay particles, then the tensile strength should afford us a means 
of expressing numerically the plasticity of the clay. It appears, how- 
ever, that there is no such constant relation between these two properties. 

A modification, perhaps of the interlocking theory, is that which 
suggests that the structure of the particles and their mode of aggregation 
may exert an important influence. 

Mellor ' suggests that a distribution of grain sizes which permits 
closest packing gives maximum plasticity. 

Against this Schurecht 7 has argued that plasticity is greater with 
loosely cemented aggregates, finer-grained aggregates, and flocculated 
aggregates. 

He further expresses the opinion that those clays which retain their 
plasticity after the finer particles are removed, have large compound 
particles, which break down easily on stirring, yielding a fresh supply of 
fine grains. 

Ball theory.—Aaron suggested that the plasticity of clay was due 
to the presence of globular particles, but Zschokke has disputed this, on 
the ground that if the grains were of this form they would, when in 
closest contact (as when air-dried), touch at the fewest number of 
points,—a condition, therefore, not favorable to the great cohesion 
which exists between the grains of highly plastic clays.% 

Colloid theory.—The theory that the plasticity of clay is due largely 
or entirely to colloidal matter is one which in one form or another is 
widely accepted at the present time, and has been the subject of numer- 
ous articles in the technical press. 

The presence of colloids in clay was suggested at a comparatively 
early date, for Way * in 1850, while endeavoring to explain the high 
absorptive powers of clay for water, found that this property was 
destroyed by exposure to high heat, and considered that it was due to 
some peculiar form or modification of aluminum silicate which formed 
the clayey or impalpable portion of the soil. In searching for evidence 
he was able to prepare an artificial hydrated sodium aluminum silicate 
which possessed high absorptive properties. 

Schlossing in 1874 ° applied the theory of colloid suspension to 
explain the action of clay suspensions when electrolytes are added to 

1 Trans. Cer. Soc., X XI, p. 91, 1921-22. 

2 Bull. Amer. Cer. Soc., 153, 1922. 

3See also Wolf, Tonindus.-Zeit., XXX, p. 41, 1906, and Rohland, Sprechsaal, 
XXXIX, p. 758, 1906. 

4 Royal Agric. Soc. Jour., XI, 1850. Quoted by Cushman, Trans. Amer. Ceram. 
Soc., VI, p. 7, 1904. 

6 Comp. rend., LX XIX, pp. 376 and 473, 1874; see also Durham, W., Chem. 


News, XXX, p. 57, 1874. 
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them. After allowing the suspensions to stand for twenty-seven days, 
the solution with the remaining suspended material was evaporated to 
dryness, and the sediment which was horny he termed colloidal material. 

At a somewhat later date (1893), Van Bemmelen! announced, as 
the result of his investigations on the inorganic colloids or hydrogels, 
that “ nearly all metallic oxides and many salts have the power of enter- 
ing into that peculiar hydrated, non-crystalline condition which 
Graham 2 in 1861 denominated colloid or glue-like. The special hydro- 
gel which Van Bemmelen studied most minutely was that of silicic acid, 
although his researches included the oxides of copper, tin, iron, alumi- 
num, etc. As a result of these extensive investigations the author 
cited adopts the suggestion of Nageli of the micellian structure of col- 
loids, that is to say, that these curious substances consist of heteroge- 
neous molecular complexes which possess a submicroscopical, web-like, 
porous formation, one of the distinguishing characteristics of which is 
the peculiar relation to and dependency on water which they exhibit. 
The water-content of these hydrogels varies continually with the tem- 
perature and the vapor pressure of the atmosphere in which they find 
themselves. Dried at high temperatures up to a certain critical point, 
they will lose nearly all their water, only to take it back again eagerly 
when allowed to cool in free air or in moist atmospheres. This dehydra- 
tion and rehydration can be repeated indefinitely, unless the temperature 
of drying is carried too high, when the faculty is gradually lost and 
finally destroyed. 

“The water thus absorbed is denominated ‘ micellian’ water, and 
differs from hygroscopic water in the ordinary sense of the word. It is 
absorbed into the particles of a powder of an inorganic hydrogel without 
changing the physical appearance when under the microscope, while 
hydroscopic water is usually absorbed on the particles producing a 
distinct appearance of wetness.”’ 

Some clays undoubtedly contain large amounts of colloids, but in 
others, as in many common clays, it is claimed that there is but a small 
proportion of ingredients which are capable of assuming the colloid 
state by the action of the water alone. 

Schlossing * states that in all kaolins there are finely crystalline 
substances and colloidal ones, which latter he separated by treatment 


1 Zeitschr. anorg. Chem., V, p. 466; XIII, p. 233; XVIII, p. 14; XX, p. 185; 
XXII, p. 313. Quoted by Cushman, Jour. Amer. Chem. Soe., XXV, No. 5, May, 
1903. 

? Phil. Trans. (1861), p. 183. Quoted by Cushman, l. ¢. 

3 Ta. Geol. Surv., XIV, p. 90, 1904. 

“Comp. rend. 1874, LX XIX, pp. 376 and 473. 
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with ammoniacal water, and found them to be singly refracting, globular 
aggregates, but Kasai,' on the other hand, disputed the existence of 
colloidal matter, for he finds that the apparently colloidal bodies of 
Zettliz kaolin are doubly refracting. 

Rohland, who has written considerable on the plasticity of clay, 
published his first paper in 1902? and no doubt was inspired by the 
work of Graham and Schlossing. 

In this paper he states that when clay dries, the colloidal matter 
shrinks and becomes hard and horny, its gelatinous properties being 
lost. In its condition of normal plasticity therefore the colloidal matter 
of the clay would be in the form of a gel. On addition of water it passes 
into a sol, and the addition of an excess of water gives us a clay slip. 

Lueas ? in commenting on Rohland’s observation calls attention to 
the fact that Zettlitz kaolin must have some colloidal matter because 
it flows freely through a die, and regards as significant the fact that a 
non-plastic crystalline powder will, under pressure, allow the water to 
be squeezed out, and will only form a plastic mass when tragacanth is 
mixed with it. 

The theory of Olchewsky that plasticity was due to the spongy 
porous nature of the smallest particles, which by reason of pressure 
arrange themselves into a sort of felt, may be regarded as admitting 
the presence of colloidal matter, but of more definite character are the 
statements of Arons* and Bischof, who suggest that plasticity was no 
doubt due to some special form of hydrated aluminum silicate, while 
Seger ° remarks further that there is probably some effective molecular 
arrangement, which was already fixed in the structure of the parent 
rock, 

In studying the clays of Maryland the author ® noted the presence 
of what he assumed were colloidal bodies in the highly plastic clays, 
and the subject has been followed up in greater detail by Cushman,’ 
who believes that plasticity is due to a “colloid condition of the fine 
particles, or of some proportion of the particles which go to make up 
the clay mass. These amorphous inorganic particles possess a sub- 
microscopic structure. They absorb water eagerly, and gradually 


1 Die Wasserhaltigen Aluminum Silikate. Diss. Miinchen, 1896. 

2Int. Mitt. fiir Bodenkunde, III, p. 492, 1913; also Zeit. f. angew. Chem, 
XXXI, Pt. I, p. 158, 1902. 

3 Geol. Centralb. f. Min., Geol. u. Pal., No. 2, p. 33, 1906. 

4Dammer, Chem. Tech., I; Notizbl, LX, p. 167. 

5 Tonindustrie-Zeitung, p. 37, 1877. 

6 Md. Geol. Surv., Vol. IV, p. 251. ~_ 

7 Jour. Amer. Chem. Soc., XXX, p. 5. } 
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assume the coherent condition which causes in the wet mass the quality 
we call plasticity.” 

In order to prove the existence of colloids in clays, Cushman ! pre- 
pared some silicic acid. This jelly dries rapidly to a powder, which 
is hydrated and loses or gains water with changes in the moisture content 
of the atmosphere in which it stands, but if heated above 1000° C. it 
loses its absorptive power. Hydrated colloid alumina was also prepared 
artificially. 

On mixing the former with clay ? it was found that the silicic acid 
increased the binding power and shrinkage but not the plasticity; while 
the alumina increased the plasticity but not the shrinkage or binding 
power. 

A mixture of the two, prepared by adding sodium silicate (water 
glass) to the solution of alum,? showed that its addition to a clay 
increased both its binding power and plasticity. 

Ries * found that the addition of 1 per cent gallotannic acid to a 
clay appeared not only to increase its plasticity but also its binding 
power. 

Grout > by using a dilute solution of agar-agar for tempering two 
clays found that 0.08 per cent increased their plasticity approximately 
60 and 36 per cent, respectively. 

He dried the same mass, mixed it with water, filtered off the latter, 
and tested the clear filtrate for soluble salts, but got no jelly, which 
was probably due to the fact, overlooked by him, that the clay adsorbs 
the colloidal material. (See Adsorption.) 

Alumina cream was then tried instead of agar-agar, and it was 
found that it took 3 per cent of the former to raise the plasticity as much 
as 0.08 per cent of the latter; furthermore, after air-drying, powdering 
and remixing, the plasticity of the mass dropped to its original figure. 
Grout consequently argues that since plastic clays are not injured by 
air-drying, it is evident that ‘“ such colloids as alumina cream do not 
explain plasticity, and that some colloid is required which will soften 
in water after air-drying, a type which is extremely rare in the inorganic 
kingdom.” He says further: “ The suggestion of Cushman, that a 
hydrated silicate of alumina could be precipitated so as to give the 
desired properties, has been carefully tried, but all resulted exactly as 
alumina cream.” 


1 Trans. Amer. Cer. Soc., VI, p. 7, 1904. 

* The percentage added is not given. 

* The suggested formula of this mixture is XAl,O4, YSiO02,ZH2O. 
‘Trans. Amer. Cer. Soc., VI, p. 44, 1904. 

5 W. Va. Geol. Sury., III, 1906. 
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Grout, moreover, questions the value of detecting colloids by staining 
with methylene blue, since he finds that most clays contain from 1 to 5 
per cent of grains which will take a stain from methylene blue, gentian 
violet, eosine, or fuchsine. Both fresh and dried silicic-acid jelly he 
states take the stain, but the latter acts like quartz in decreasing the 
plasticity. Weathering, he further claims, does not increase the number 
of grains capable of taking the stain. 

It would appear from what has been said that most clays contain 
(1) both non-plastie bodies or grains, of either crystalline or amorphous 
character, and (2) colloids, which appear to at least influence the 
plasticity. 

If the colloids are the main cause of plasticity, this fact is not proven 
definitely either by showing their presence in the clay or by demon- 
strating that their addition to an already plastic clay increases its 
plasticity. 

On the contrary, it would seem necessary to add them to some fine- 
grained mineral aggregate of exceedingly low plastic qualities, and 
by this addition be able to change it into a thoroughly plastic mass. 
A mass of colloidal material by itself does not show the solidity and 
cohesiveness which a strongly plastic clay does. It is as if it lacked 
some strengthening internal structure, such as a mass of mineral grains 
might supply. 

To endeavor to state the colloidal idea of plasticity in general terms 
we may say that it assumes that the clay grains are surrounded by a 
film of colloidal material, and that these grains are of non-plastic char- 
acter. This colloidal material, which may vary in its composition is in 
a film of water, this mixture giving us a viscous fluid. This colloidal 
fluid acts as a cementing film which holds the mass together and gives the 
material properties which are intermediate between those of a solid and 
a liquid. That colloidal matter undoubtedly has some effect is shown 
by the fact that the addition of it has been found to increase the plastic- 
ity of some clays. 

In most cases it seems as pointed out by several writers including 
Rohland and Davis that much of the colloidal matter in clay has prob- 
ably been derived by the action of water on the mineral particles, which 
become surrounded by a colloidal film that is more or less intimately 
associated with them and difficult to separate. 

For those who care to follow this subject farther the references given 
below may prove of interest.! 

1 Ashley, H. E., The colloid matter in clay, Trans. Amer. Ceram. Soc., XI, 


p. 530, 1909; Atterberg, A., The plasticity of clay, Internat. Mitt. Bodenkunde, I, 
4, 1910; Atterberg, A., The plasticity and coherence of clays and loams, Chem. Ztg., 
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In trying to explain the mechanism of plasticity, G. A. Bole? 
advances the theory that the film of colloidal matter surrounding the 
clay grains is of opposite polarity to them. The addition of electro- 
lytes acting as a deflocculant causes the outer layer of the film to be 
attracted to ions of same polarity as the clay particle, thus reducing the 
effective diameter and increasing the polarity of the plasticity inducing 
particles. Particles which were held by surface forces of “ particles in 
contact ’’ are no longer in contact and are actually repelling each other 
due to like and increased polarity. “A flocculating ion drives action in 
the opposite direction causing an increase in the depth of the colloidal 
film, thereby increasing the surface in actual contact and decreasing the 
repulsive force of plasticity-inducing particles. Transport numbers as 
well as polarity are governing factors in ions of electrolytes.” 

Action of water on silicates——Rohland ” has pointed out that the 
plasticity of clay “depends on the amount of hydrolysis which the 
material has undergone.”’ Kaolin which is scarcely hydrolyzed has low 


XXXIV, p. 369, 1910; Bingham, E. C., Plasticity, Jour. Phys. Chem., X XIX, 
p. 1201, 1925; Bleininger, A. V., The viscosity of clay slips, Trans. Amer. Ceram. 
Soc., X, p. 389, 1908; Bleininger, A. V., The effect of electrolytes on clay in the 
plastic state, Sth Internat. Cong., App. Chem.; Bleininger, A. V., The properties of 
clay, Colloid Symposium, II, p. 80, 1925; Bleiminger, A. V., and Brown, G. H., 
Note on the viscosity of clay slips, Trans. Amer. Ceram. Soc., XI, p. 596, 1909; 
Bleininger, A. V., and Clark, H. H., Note on the viscosity of clay slips determined by 
the clark apparatus, Trans. Amer. Ceram. Soc., XII, p. 383, 1910; Bleininger, 
A. V., and Fulton, C. E., The Effect of acids and alkalis on clay in the plastic state, 
Trans. Amer. Ceram. Soc., XIV, p. 827, 1912; Bleininger, A. V., and Ross, D. W., 
The flow of clay under pressure, Trans. Amer. Ceram. Soc., XVI, p. 392, 1914; 
Durham, W., Chem. News, XXX, p. 57, 1874; Ehrenberg, P., Plasticity, especially 
of barium sulphate, Zeitschr. angew. Chem., XXIV, p. 1957, 1911; Hall, F. P., 
Effect of hydrogen-ion concentration on clay suspensions, Jour. Amer. Ceram. Soc., 
VI, p. 989, 1923; Hall, F. P., Methods of Measuring the plasticity of clays, U. 8. 
Bur. Stand., Tech. Pap. 234; Krupsay, Zur frage der bildsamkeit der tone, Tonind.- 
Zeit, XXXII, p. 1289, 1908; Leppla, G., Die bildsamkeit der tone, Baumaterialien- 
kunde, IX, p. 124, 1904; Mellor, J. W., Trans. Ceram. Soc. (Eng.), XXI, p. 91, 
1921; Ries, H., N. J. Geol. Surv., VI, p. 83, 1904; Rohland, P., Plasticity of clay, 
Zeit. anorg. Chem., XXXI, p. 158, 1902; Rohland, P., The means of altering the 
amount of plasticity of clays, Sprechsaal, XXXIX, p. 1871, 1906; Rohland, P., 
The causes of plasticity and the allied properties of clays and kaolin, Silicat-Zeit., 
II, p. 30, 1911; Rosenow, M., The plasticity of clay, Tonind.-Zeit., XXXV, p. 1261, 
1911; Stewart, J., The plasticity of clay, Jour. Ind. Eng. Chem., V, p. 421, 1913, 
and 8th Internat. Cong. App. Chem., XV, p. 265; Van Bemmelen, Archiv. Neerland 
Sci. Exactes et Nat., Ser. IIIa, Vol. I, pp. 1-14, 1912; Van der Bellen, Chem. Zeit., 
XXVIT, No. 36, p. 433, 1903; Wilson, R. E., and Hall, F. P., The Measurement of 
the Plasticity of clay slips, Jour. Ind. Eng. Chem., XTV, p. 1120, 1920. 
* Jour. Amer. Ceram. Soc., V, p. 469, 1922. 
* Sprechsaal, XLI, p. 447, 1908. 
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plasticity, while very plastic ball-clays are highly hydrolyzed. In har- 
mony with this are the conclusions of H. Gedroiz! who asserted that 
aluminum hydroxide, ferric hydroxide, silicic acid, and kaolinite, are, at 
the moment of their formation by weathering, hydrosols, which remain 
as such or are coagulated, depending on the composition of the soil 
solution. 

This would also explain why the outlines of the solid particles of 
wet ground feldspar could be more readily stained with dyes than before 
the water treatment.” 

Davis experiments.*—Davis working on very plastic clays selected 
a series of four which were suspended in distilled water and allowed to 
stand. It was found that the particles did not settle with equal rapidity, 
the difference in the suspensions suggesting a possible difference in the 
nature of the colloid present. It was also noticed that of the suspen- 
sions remaining at the end of twenty days both contained colloidal 
organic matter and colloidal silica, but that the former was most abun- 
dant in the sample of which a greater quantity of suspension remained. 

As Davis points out the organic colloid may have the effect, as an 
emulsoid of increasing the viscosity of the suspension, or it may act as 
a protective colloid coating. 

It is probable that two of the clays contained some colloidal iron 
oxide gel, since they burned red. 

Organic colloid gels according to Grout * have a greater effect on 
plasticity than inorganic colloid gels. 

Additicn cf crganic matter.—- Davis found that mixing 2 lbs. of Dela- 
ware washed kaolin with 1 ounce of peat, grinding for ten hours in a ball 
mill, then drying out the slip and mixing the mass with water, the 
plasticity had increased, the shrinkage increased from 4 to 8 per cent, but 
there was little increase in the tensile strength. 

Other experiments have been recorded by Zimmer,’ Grimsley and 
Grout,® and Ashley.’ 

Organic colloids are relatively prominent in some clays, especially 
some very plastic ones and since they tend to raise the viscosity of the 
water film, they increase the plasticity. 

If this is correct then the treatment of such clays by organic solvents 
should reduce the plasticity. 


1 J, Exp. Landw., pp. 272-293, 1908. 

2 Mellor, Trans. Ceram. Soc., (Eing.) V, p. 72. 

3 Davis, Trans. Amer. inst. Min. Engrs., LI, p. 445, 1915. 
4W. Va. Geol. Surv., III, p. 80, 1905. 

5 Trans. Amer. Ceram. Soc., III, p. 36, 1901. 

6 W. Va. Geol. Surv., III, p. 48, 1905. 

7U. 8S. Bur. Standards, Tech. Pap. 23, p. 82, 1911. 
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Nolte,! after treating a heavy Silesian clay with ethyl ether and 
acetone, did not find the plasticity diminished. Hamor and Gill,? on 
the other hand, found that certain American clays when treated with 
organic solvents such as benzol, alcohol and carbon tetrachloride, show 
a decreased plasticity, but it was not the same for different solvents. 

Pfefferkorn ? claims that the extraction of organic matter does not 
alter the plasticity. 

Soluble salts.—These also appear to have an effect on the plasticity 
of a clay. Seger, and Purdy and Moore * have gone so far as to con- 
sider it a reasonable assumption that these adsorbed salts give the clay 
its plasticity. 

Grout and Poppe ® note that ‘ the essential peculiarity of a plastic 
clay is the fact that the water used in wetting it is somehow rendered 
viscous. In explanation we have two well-known phenomena, molecu- 
lar attraction and the action of colloids. Both are certainly present. 
Both are necessarily active.” They believe that the former may be 
quantitatively sufficient, and that the latter would be quantitatively 
insufficient. 

Considerable opposition to the colloidal theory has been expressed 
by Purdy, although he admits that the presence of colloidal matter 
may be a contributing cause. 

He among other things disputes the idea of colloidal coatings forming 
around mineral grains’ as proposed by Davis and others, in fact he 
claims that clays do not form typical colloidal solutions, and that only 
a small portion of the clay roughly approximates such. He even asserts 
that bentonite, which according to him is the nearest approach to a true 
colloidal solution,® has adhesiveness but lacks cohesiveness. This last 
statement may also be open to dispute, since bentonite is used as a 
bonding medium in certain foundry sands. 

Purdy also holds that “any or all portions of any clay, the coarse 
grains of which are high in clay substance (as determined by chemical 
analysis) will be about as plastic and have about as high strength as the 
clay bond had before removal of the portions that approach true colloidal 
solutions.” 

Some very significant experiments bearing on Purdy’s contention 

1 Biedermann’s Zentr., XVII, p. 108, 1918. 

* Jour. Amer. Ceram. Soe., II, p. 594, 1919. 

*Sprechsaal, LVIII, p. 183, 1925, and LVII, p. 297, 1924. 
4 Collected Writings. 

5 Trans. Amer. Ceram. Soc., IX, p. 222, 1907. 

6 Trans. Amer. Ceram. Soc., XIV, p. 71, 1912. 

7 Bull. Amer. Ceram. Soc., I, p. 147, 1922. 

§ This may not be agreed to by all investigators. 
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that removal of fine material does not reduce the plasticity have been 
reported on by Moore, I'ry and Middleton.! 

These authors in working up large quantities of soil for the study 
of the constitution of the soil solution, used a large centrifuge which had 
a force up to 18,000 gravity to assist in clarifying the solution. There 
remained in the latter an opalescence which could be removed by the 
Pasteur-Chamberland filter. This opalescent material accumulated on 
the filter as a slimy sticky mass, and was ealled “ultra clay.” 

They state that chemically it is a silicate of alumina with some iron 
and small but varying amounts of calcium, magnesium, sodium, and 
potassium, but whether these were chemically combined or physically 
adsorbed was not known. 

This ultra clay they state when suspended in water showed the 
form and properties of a true colloid, and under the ultra microscope 
appeared as droplets of an amber yellow color immiscible with water. 
If the suspensions are thick the droplets coalesce. They also coalesce 
on the addition of electrolytes. 

When clays are freed of this ultra clay by elutriation and subsidence, 
the clay loses much of its plasticity. This ultra clay when moist is 
exceedingly plastic. 

The following experiments were made to determine the adhesive 
power of the ultra clay, and they show that it has a greater binding 
power than Portland cement: 

Experiment series 1. A standard grade of sand was mixed with 10 
per cent of the substances named below. These mixtures were molded 
into “ briquettes,’ 25 mm. high and 25 mm. diameter, with 18 per cent 
moisture. They were molded under a pressure of 1800 lbs. per square 
inch and dried at 100° C. 

The crushing strength in kilos of the different 10 per cent binders 
was as follows: Portland cement, 19.16; Cecil ultra clay, 122.52; Sus- 
quehanna ultra clay, 96.39; commercial kaolin, 0.00. 

Experiment series 2. In these quartz flour was used instead of sand. 
The results were: Portland cement, 112.30; Cecil ultra clay, 304.64; 
Susquehanna ultra clay, 206.82; commercial kaolin, not tried. 

With 2 per cent. of the binder the results in this last series gave: 
Portland cement, 72.89; Cecil ultra clay, 65.54; Susquehanna ultra 
clay, 69.70; commercial kaolin, 17.96. 

The ultra clay has a very high absorbent power for certain mineral 
matters, certain organic matters, and certain gases. 

The authors consider that the ultra clay is the cause of the plasticity. 


1 Jour. Ind. Eng. Chem., XIII, p. 527, 1921. 
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Molecular-attraction theories.—Several writers, to be referred to 
below, have inclined to the theory that the plasticity of clay was due 
to molecular attraction between the clay particles themselves or between 
the clay grains and water surrounding them. 

Ladd,! as a result of his work on the Georgia clays, advocates the 
theory that the mutual attraction between water and clay particles, and 
surface tension of the water-films, may exert an important influence in 
determining plasticity. 

The affinity of the clay particles for water will, however, vary with 
their chemical nature; 2 and particles of the same material have a varying 
affinity, under different conditions not now well understood. Moreover, 
salts and organic matter, in solution, modify the value of the surface 
tension of the liquid, the former generally increasing, the latter decreas- 
ing. This latter seems an important point for all clays containing a vari- 
able quantity of soluble matter. 

The importance of molecular attraction between the clay substance 
and water was looked on by Zschokke * as an important cause of plas- 
ticity, he having pointed out that since clay particles are plastic bodies, 
they have greater attraction for water than non-plastic grains such as 
sand, and that therefore the grains will be surrounded by a thicker film of 
water than sand-grains would be. The addition of an excess of water 
separates the clay-grains so far that they are no longer able to attract 
each other, and the mass loses much of its cohesiveness. Moreover it is 
thought that the absorption of the water into the pores of the clay is 
accompanied by a superficial alteration of the clay particles, giving them 
a gelatinous coating, which permits them to change their form and at 
the same time keep in close contact; a point which is rather corroborated 
by the experiments of Cushman * and Mellor.® He finally suggests that 
plasticity must be dependent on (1) the size of the smallest particles; 
(2) the form and character of the surface; and (3) other peculiar prop- 
erties possibly of a molecular character. 

Grout,® reasoning along somewhat similar lines, believes that the 
chief cause of plasticity is the molecular attraction depending on the 
chemical constitution of molecules, but that it may be improved by the 


1Ga. Geol. Surv., Bull. 6a, p. 29, 1898. 

> Whitney, U. S. Dept. of Agric., Bull. 4, 1892; Briggs, ibid., Bull. 10, 1897. 

a, 

4 Bull. U.S. Dept. Agric., 92, 1905. 

5 Trans. Ceram. Soc. (Eng.), V, Pt. I, p. 72, 1905-6. 

°W. Va. Geol. Surv., IIT, p. 54, 1906; see also MacMichael, Trans. Amer. 
ee XVII, p. 616, 1915; Chatley, H., Trans. Ceram. Soc. (Eng.), IX, p. 1-2, 
1919-20. 
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addition to the clay of colloids such as tannin, ete., or such solutions as 
ammonia, alum, ete. 

General comments.—While several of these theories—plate struc- 
ture, texture, colloids, and molecular attraction—have much to com- 
mend, still there seem to be serious objections in many cases to their 
being the sole cause of plasticity. Indeed the examination of any exten- 
sive series of clays hardly seems to bear out the theory that any one of 
the causes suggested is the sole one, but rather that plasticity may be 
dependent on a combination of them. 

The writer is to some extent in sympathy with Purdy! when he 
expresses the belief that plasticity is the result of such properties as 
adsorption, solution, molecular attraction and high surface tension. 
He might have obtained more adherents to his views if he had also 
admitted the existence of colloidal films around the particles. And yet 
clays may be plastic enough to mold, even though they apparently 
contain a very small colloid content.” 

To quote Purdy he adds, that the properties which he enumerates 
“cause the particle when wetted to hold a water-saturated film. For 
the mass to exhibit plasticity, the particles must not be separated one 
from the other beyond the range of molecular attraction, one with the 
other, which range is sufficient to permit each to retain its maximum 
water envelope. Experiments have shown that the volume of water 
required to render the clay plastic is equal to the volume of water 
required to fill the pores plus the water required to give each and all 
particles (or bundles of particles) its maximum water film. This salt 
solution is the “‘ slippery medium ” and when the mass is dried these 
salt coatings are the cementing agents, and when subjected to heat 
treatment they are the sintering media.” This last point will probably 
not be accepted by all. 

Effect of bacteria——Aging a clay mixture, that is, allowing it to 
lie in cellars for six months or a year, appears to improve its plasticity, 
and it has been suggested that this is due to bacterial action. Bacteria 
are not uncommon in clay, and the prevalent one, according to Stover,? 
is believed to be bacillus sulphureus, whose development is facilitated 
by a temperature of 37° to 38° C. 

Seger, although not referring to bacteria, stated that in the aging 
of a clay an acid was gradually developed by organic decomposition, 
which destroyed the alkalinity of the mass and was supposed to be 
responsible for the improvement in plasticity. 


) 


1 Trans. Amer. Ceram. Soc., XI, p. 588, 1909, and ibid., Bull. I, p. 150, 1922. 
2 Ries, H., Amer. Jour. Sci., (4) XLIV, p. 316, 1917. 
3 Trans. Amer. Ceram. Soc., IV, p. 185, 1902. 
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Spurrier has also observed that the plasticity of clay appears to 
increase with the growth of algae in it, and the presence of a hydrogel 
of alumina caused by a biochemical reaction.!_ The same author pointed 
out that the evacuation of air from the clay also caused increased plas- 
ticity. 

Since bacteria are known to exist in clays, they may add organic 
colloids (protoplasm) to it, and thereby increase its plasticity.* 

Weathering clay.—It is a well-known fact that weathering a clay 
often increases its plasticity, but this might be due to several causes, such 
as mechanical disintegration of the mass by frost, water soaking, the 
oxidation of organic matter, or to the production of colloids by hydrolysis 
or bacterial action. 

Grinding may sometimes improve the plasticity as much as weath- 
ering. 

Rohland states that it may be increased: (1) By contact with 
spring or river water; (2) decrease in temperature; and (3) addition 
of colloids.? 

Water of plasticity—It has been found that different clays require 
different amounts of water to develop their maximum plasticity as the 
following list taken from published data will show: 


Warer or Puasticrry or DirrERENT KiInps or Cuay. 


Crudevkaolin a 36.69 — 44.78 
Wiachedieka lien 44.48 -47.5 

White sedimentary kaolin.... 28.60-—56.25 
Balliclavister: ac teeta see 25.00 — 53.30 
Cricibleclayca ae eee 26.84— 50.85 
Refractory bond clays....... 32.50 — 37.90 
Glass-pouiclay semierseniercae 19.64-— 36.50 
IDES WIRD GENE sc coe s nc ce 12.90 —37.40 
lint fire clays......,..-+... $.89—19).04 
ROPNGEREIE CIEE, occ Gacscnooc se 18.40 — 28.56 
Stoneware clays............ 19.16 —34.80 
Face! brickiclavsen ee eee 14.85 — 37.50 
Newer pipe clays............ 11.60—36.20 
Paying brick clays. ...0..... 11.80—19.60 
FEMA GENE, soonc0n soo bo anek 13.20 -40.70 


The amount of water required for developing the maximum plas- 
ticity in a clay may be affected by soluble salts, organic matter and acids. 
Thus the addition of alkali usually tends to decrease the amount 


1 Spurrier, H., Jour, Amer. Ceram. Soc., IX, p. 535, 1926. 
? Grimsley, G. R., and Grout, F. F.,W. Va. Geol. Surv., III, p. 47, 1906. 
3 Sprechsaal, XLII, p. 1371. 
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needed, although Rohland! found that it increased the amount. 
Schurecht notes that acids in small quantity increase the amount of 
water required, while larger percentages decrease it, while Bleininger and 
Fulton * state that acids increased the water of plasticity but decreased 
the drying shrinkage. 

According to Mellor,* and Bourry,* the water of plasticity decreases 
with an increase in the pressure used for molding. 

Effect of electrolytes.°—The effect of electrolytes on clay suspensions 
as well as on plastic clay is of much importance, since they probably 
affect the plasticity as well as influencing flocculation and defloccula- 
tion. 

Acids, acid salts, lime sulphate, common salt, and most salts of the 
metals cause flocculation. 

Ammonia, hydroxides and carbonates of the alkalies, as well as their 
borates, and silicates bring about deflocculation or peptization. 

Salts which dissociate into acid and basic ions may cause either 
flocculation or deflocculation. 

Alkalhes for example by increasing the dispersion of the clay particles 
reduce the viscosity of the suspension. This is explained by the nega- 
tively charged OH ions, which repel similarly charged particles elec- 
trostatically, and therefore increase the dispersion of the system or cause 
deflocculation. A definite concentration of OH ions gives the maximum 
effect, and should the concentration go beyond this, the effect is reversed, 
and we get increased viscosity, or flocculation, but with a further addi- 
tion of alkali the viscosity is again reduced. 

The presence of soluble salts in a clay may interfere with its defloc- 
culation, or in making a slip with it, in fact Searle has stated that the 
presence of .002 per cent of calcium sulphate may act as such a pre- 
ventive. 


1 Die Tone, p. 85. 

2 Trans. Amer. Ceram. Soc., XIV, p. 827, 1912. 

3 Trans. Ceram. Soc. (Hng.), X XI, p. 25, 1921-22. 

4 Treatise on Ceramic Industries. 

5 Bleininger, A. V., and Fulton, C. E., The effect of acids and alkalies upon clay 
in the plastic state, Trans. Amer. Ceram. Soc., XIV, p. 827, 1912; Bleininger, A. V., 
Note on the electrical separation of clay, Trans. Amer. Ceram. Soc., XV, p. 388, 
1913; Brown, H. G., and Howat, W. L., Use of deflocculating agents in the washing 
of clays, Trans. Amer. Ceram. Soc., XVII, p. 81, 1915; Comber, N. M., The mechan- 
ism of flocculation in soils, Trans. Far. Soc., XVII, Pt. 2, p. 349, 1922; Kerr, C. H., 
and Fulton, C. E., The effects of some electrolytes on typical clays, Trans. Amer. 
Ceram. Soc., XV, p. 184, 1913; Smith, O. M., The coagulation of clay suspensions, 
Jour. Amer. Chem. Soc., XLII, p. 460, 1920; Schurecht, H. G., The use of electro- 
lytes in the purification and preparation of clays, U. 8. Bur. Mines, Tech. Pap. 281, 
1922. 
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Davis (1. ec.) noted that one clay containing soluble salts which he 
tested settled very rapidly from suspension. 

Several explanations have been advanced however to explain the 
cause of flocculation and deflocculation. 

One is that of the electrical charges mentioned above. 

Another is that if4n a water-clay system there is a stronger attrac- 
tion between solid-liquid molecules than between the molecules of the 
liquid, the water-films around the clay particles enlarge, and the grains 
are kept apart: If the reverse is true, the particles approach each other 
more closely and flocculation ensues. 

Purdy’s theory ! is that flocculation and deflocculation are due to the 
difference in the surface tension of the water, which is in excess of that 
required to develop plasticity, and the surface tension of the water film. 

Ashley 2 held that the deflocculation and flocculation are the result 
of chemical reactions. He states that the fine crystalline grains are 
enveloped by a colloid coating which enters into “ chemical reactions 
remarkably similar to those of the fats and soaps, in that the allkal sols 
of clay colloids are soluble and the acid gels of the clay are insoluble. 
Both soaps and clay sols may be salted out of solution by dissolving in 
the solution chemical salts that have more affinity for water than have 
the soaps or gels salted out.” 

Attempts to separate colloids from clay have not always yielded 
large results. 

Schlossing * succeeded in removing from a kaolin 1.47 per cent of very 
fine material, which remained in suspension twenty-seven days. 

Mellor * was able to remove 0.05 per cent of glue-like material from 
a Devonshire ball-clay, but only 0.005 per cent from a china-clay, 
while Vasel claimed that the Meissen, Saxony, kaolin contained 
at least 3 per cent colloid clay, whose composition corresponded to 
AlzO3 - 28102 -2H20.° 

It seems probable that some very plastic clays contain a high per- 
centage of colloidal matter. Some experiments by Davis,® showed that 
at the end of twenty days considerable material remained in suspension. 
In two of these particles were not visible with a magnification of 600 
diameters, but in the third they measured 0.002 mm. in diameter. 

Robinson and Holmes, in working on clay soils, were able in some 


1 Bull. Amer. Ceram. Soc., I, 1922. 

U.S. Geol. Surv., Bull. 338. 

* Comptes rend., LX XIX, p. 376-80, 437, 1874. 

* Trans. Ceram Soc. (Eng.), VI, p. 989, and XXI, p. 91. 
®* Kolloid-Zeit., X XXIII, p. 178, 1923. 

° Trans. Amer. Inst. Min. Engrs., LI, p. 465, 1915. 
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cases to extract as high as 38 per cent of colloidal matter, whose particles 
did not exceed 0.3 micron in diameter. 

The principle of deflocculation is made use of in the washing of clays 
and also in casting pottery. In the latter the adding of an alkali reagent 
like NagCOx3 or NagSiO3s greatly reduces the quantity of water required 
to maintain the body in a liquid condition. 

As pointed out by Mellor, clay slip with 0.3 per cent of a mixture of 
sodium carbonate and silicate, contains less water than a stiff mass of 
clay without alkali. If a little acid is added to neutralize the alkali, the 
mixture becomes solid. If more alkali is added the material becomes 
fluid again. 

Source of colloids in clays—Many writers make reference to the 
existence of colloids in clays, without giving much attention to their 
derivation, especially of the inorganic ones, and it would seem that a con- 
sideration of this factor would serve well to explain why it is that certain 
clays are often much more plastic than others, especially if we consider 
that colloids are undoubtedly an important factor in plasticity. 

The relation of colloidal material to the past history of the clay has 
been well emphasized by Davis.2 As shown by him dry ground rock 
powders develop practically no plasticity and no colloidal matter. 
Such powders if ground in water for a long time, do develop some plas- 
ticity, which is due to the solvent action of the water on the mineral 
grains, resulting in a colloidal solution. The amount of gel matter in a 
deposit therefore depends on its past history, and the length of time 
that the material has been exposed to the action of water. As Davis 
concludes: ‘‘ Clays are simply weathering products of rocks, in which 
the most soluble constituents have been removed, leaving behind some 
resistant secondary products with gelatinous coatings.” 

This incidentally brings out the additional fact that a complete and 
satisfactory explanation of the properties of clay cannot be worked out 
in the chemical laboratory alone, but must give some consideration to 
the geologic conditions surrounding its formation. 
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Clays vary widely in their plasticity ranging from those which are 
very lean or low in plasticity, to those which are very fat or of high 
plasticity. 

1U. S. Dept. Agric., Bull. 1311, p. 19, 1924; see also Bulls. 1122 and 1452. 
Fry, W. H., Microscopic estimation of colloids in soil separates, Jour. Agric. Research, 
XXIV, p. 879, 1923. 

2 Trans. Amer. Inst. Min. Engrs., LI, p. 451, 1915. 
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Many methods for measuring plasticity have been suggested, but 
objections have been urged against most of them, mainly on the ground 
that they are empirical, and also as claimed by some that they measure 
not plasticity, but some property closely allied to it. 

Hall calls attention to the fact ! that the heterogeneity of the system 
water-clay, makes it difficult to formulate mathematical equations that 
are satisfactory. The consistency of a water-clay mixture he claims is 
influenced by such factors as: (1) Past history of the clay, (2) type of 
clay, (3) amount of working the mixture has received, (4) time of con- 
tact of clay and water, (5) temperature of mixture, and (6) amount of 
water. Some of these factors are hard to control, and unless kept 
constant, a comparison of different tests becomes difficult. 

The tests which have been suggested fall into two groups, those 
of the wet and those of the dry clay, the former being the more logical. 

Tests of the wet clay—aA common and practical method consists 
in judging the plasticity by feel, grading it as poor, good, high, etc. 

Bischof ? suggested forcing the wet clay through a cylindrical die, 
and measuring the length of the pencil extruded before it broke of its 
own weight, and a similar method has been recommended by E. C. 
Stover,? but these are open to the objection that the clay should be 
worked into its most plastic condition before testing, and there is no 
means of determining accurately when this condition has been reached. 
Indeed this criticism applies to many of the methods suggested. 

Langenbeck * advocated forcing a Vicat needle into the clay by the 
pressure of a known weight, and stated that the proper consistency was 
reached when the needle under a weight of 300 grams penetrates to a 
depth of 4 c.c. in five minutes. 

A similar method was suggested by Grout,®> who measured the 
strength by the weight required to force a Vicat needle of 7 sq. em. cross 
section to a depth of 4 cm. in one-half minute, and also by G. E. Ladd.® 

Another method by Ladd consisted in having two small sheet-iron 
troughs with perforated bottoms, in the center of which are set test-tube 
brushes, so placed that the ends of the brushes touch when the ends of 
the troughs are in contact. The dry clay is sifted into the brushes and 
water absorbed from below until the point of saturation is reached. 


1 Jour. Amer. Ceram. Soc., V, p. 346, 1922. 

* Die feuerfesten Thone, p. 84. 

* Trans. Amer. Ceram. Soc., VII, p. 397, 1905. 

4 Chemistry of Pottery, p. 19. 

5 Jour. Amer. Chem. Soc., XXVII, p. 1037, 1905. 
6 Ga. Geol. Sury., Bull. 6a, p. 51, 1898. 

7Ga. Geol. Surv., Bull. 6a, p. 52, 1898. 
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The pull required to tear the column of clay between the brushes is 
measured by placing weights on a scale-pan attached to one of the 
troughs until the two separate. 

The criticism urged against this method is that it gives little informa- 
tion regarding the plasticity, but measures the strength of the clay 
through different degrees of saturation.! 

A somewhat detailed investigation is that of Zschokke.2 According 
to him, it is necessary, in testing the plasticity of a clay, to consider (1) its 
property of deformability; (2) its degree of cohesion; (3) its stickiness 
or adhesiveness. 

The degree of deformability was first tested by molding the thor- 
oughly worked clay into cylinders 60 mm. high and 30 mm. in diameter, 
and subjecting these to pressure applied at the ends until cracks 
appeared, but this was found to be unsatisfactory, as some lean sandy 
clays were deformed more than highly plastic ones. 

A more satisfactory method consisted in placing these freshly molded 
cylinders in a specially designed machine and pulling them in two. 
The amount of expansion showed the degree of deformability, while 
the force required to pull the cylinder in two showed the tensile strength. 
The product of the two Zschokke terms the plasticity coefficient. It was 
found that higher figures were obtained by stretching the bar rapidly, 
or by a succession of short rapid strokes. The following figures illustrate 
these points. 


RuptTurE EXPERIMENTS 


Slow pull Jerky pull 
Number Per cent 
of Tepes Deforma-} Plasticity Tene Deforma- | Plasticity 0 
eumple strength & bility » in|coefficient strength Pibility d in| coefficient| "°F 
wives per cent Br em De per cent Br 
sq. em. sq. em. 
269 0.63 70 44.1 L783 127 220 29.8 
250 0.48 28 .6 13.7 1.52 97 147 22.9 
631 0.42 18.4 ed 0.96 91 87 26.0 
901 0.36 17.4 6.3 0.93 82 76 21.8 
705 0.27 33.4 9 0.86 94. 81 20.8 
507 0.25 20 5 0.96 90 86 20.8 
702 0.20 8.6 isa 0.76 73 55 23.9 
636 0.08 5 0.4 0.20 5 i 21.8 


11a. Geol. Surv., Vol. XTV, p. 100, 1904. 
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Commenting on the results of his tests Zschokke states that in very 
plastic clays there appears to be a slight amount of elasticity, so that 
it is necessary to distinguish between elastic and permanent changes of 
form. 

Grout in his work on West Virginia clays! arrived at conclusions 
somewhat similar to those of Zschokke. He considers that plasticity 
may be considered as involving two variable factors, viz., (1) amount of 
possible flow before rupture, and (2) resistance to flow or deformation. 
“Plasticity” he says, ‘increases in direct proposition to each of these 
factors, and is therefore equal to the product.” 

He measured the plasticity by carefully mixing and tempering the 
clay, and then forced it through a thin-walled metal cylinder ~ inch in 
diameter. A plunger forced the clay through this die, and the bar of 
clay was cut into 2-inch lengths. 

These small cylinders were placed vertically under a movable plate 
and pressure applied, the amount necessary to compress it 5 cm. being 
taken as the measure of resistance to flow or deformation. 

The cylinder was then further compressed until the appearance of 
cracks at about 45° to the vertical line, and this was considered the 
point of fracture. Vertical cracks, due to tension as the cylinder 
“expanded, were disregarded, and an irregular swelling of the cylinder 
under pressure was an indication that the mass was not uniform.” The 
amount of flow was measured by the increase in area of the head of 
the cylinder. 

The resistance to flow was found to be more satisfactorily measured 
by use of a Vicat needle; a needle of 7 sq. mm. (4 in.) was used, and 
weight determined which was necessary to cause the needle to sink 3 em. 
in 5 min. 

Stringer and Emery method——J. W. Mellor? in describing the 
method of Stringer and Emery points out that the plasticity of a clay 
varies with the proportion of water. As water is added the plasticity 
increases to a maximum, above which it is reduced. The clay then 
assumes another form and as the particles no longer cohere, it becomes 
sticky, and with still further addition of water forms a slip. 

The plasticity of the clay is tested by molding it into spheres 2 em. 
in diameter, which are deformed under pressure. The degree of com- 
pression which the clay suffers without cracking and the weight required 
to compress it, determine the plasticity. 

It was noted that the greater the molding pressure applied to the clay, 

*W. Va. Geol. Sury., IIT, p. 40, 1906; also Jour. Amer, Chem, Soc., XX VII, 
p. 1037, 1905. 

4Trans, Far. Soc., XVII, p. 355, 1921-22. 
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the smaller the proportion of water required to develop the maximum 
plasticity.! 

Emley plasticimeter.*—In this machine which was designed origi- 
nally for testing lime, the property of deformation under pressure and 
also water-retaining power are measured. It has not been considered 
as very satisfactory for clay. 

Dye-adsorption test.—This test, suggested by Ashley, is based on 
the assumption that the plasticity of a clay is inversely proportional 
to its grain size, and hence the plasticity must increase with the colloid 
content. 

Ashley determined the latter by noting the loss of color of a dye solu- 
tion when mixed with clay, and comparing it with another similar solu- 
tion to which a standard clay had been added. 

Since different colloids may show different adsorptive powers for dif- 
ferent dyes, this method is not altogether a satisfactory one because the 
colloids present may not all respond to the dye used. Moreover, since 
adsorption is a surface tension phenomenon, particles larger than 
colloidal ones might also adsorb some. 


ve bas 
Ashley * used a plasticity factor expressed by the formula c — in 
a 


which c = relative colloid content; b = air drying shrinkage; and a = 
Jackson-Purdy surface factor. 

c is determined by the amount of malachite green adsorbed from 
a 0.3 per cent water solution of the dye, expressed in terms of the quan- 
tity adsorbed by the same weight of a standard plastic clay. Ashley 
claims that this method is only an approximate method of measuring 
plasticity. 

Atterberg method.—Atterberg * divided what he called the range of 
plasticity into five stages as follows: 

a. Upper limit of fluidity, at which the clay flows almost like water. 

b. Lower limit of fluidity, at which two portions of the clay will 
not flow together if jarred. 

c. Adhesion limit, at which the clay ceases to stick to other objects. 

d. Rolling out limit, at which the clay can no longer be rolled into 
thin cylinders. 

e, Cohesion limit at which the grains cease to cohere. 


1See also Rieke, R., and Sembach, E., Ber. deut. keram. Ges., VI, p. 111, 1925, 
and Jour. Soc. Glass. Tech. (Abstracts), LX, p. 317. 
_ 2U.S8. Bur. Stand., Tech. Pap. 169, and Trans. Amer. Ceram. Soc., XIX, p. 523, 
1917. 

3U.S. Geol. Surv., Bull. 388. 

4Intern. mitt. Bodenkunde, I, pp. 4-37; Tonind.-Zeit., XX XV, p. 1460. 
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The working range of clays is said to be between c and d, while the 
limits b and d separate as the plasticity increases. 

Atterberg’s plasticity figure is obtained by deducting the water 
required for d from that for b. To test the plasticity of a clay it is neces- 
sary to work it up with increasing amounts of water, and determine the 
critical limits. 

In making the test 5 grams of clay powdered to 120 mesh are put into 
a small porcelain evaporating dish and water added to form a paste. 
The mass is then spread out in a layer 1 em. thick, a triangular groove 
is cut through the paste, and the dish tapped sharply against the hand. 
Clay is then added until the mass is so stiff that it will barely flow 
together. The water content is then determined. To determine the 
rolling limit the clay in a stiff condition 1s rolled on paper to form threads. 
Clay is then added until the threads crumble, when another water 
determination is made. This gives the rolling lim't. 

Kinniston! claims that the Atterberg plasticity number is of 
little significance, and suggests that if the plasticity number were mul- 
tiplied by a factor, such as the water of plasticity, it would represent a 
better plasticity index. Rieke * has also objected to it. There seems 
no doubt that the personal equation factor must exert an important 
influence. 

MacMichael torsional viscometer.2—The primary object of this 
instrument is to determine the viscosity of clay slips, which may be 
regarded as plastic substances rather than liquids. 

The viscosity of a liquid is determined by a torsional balance con- 
sisting of two concentric cylinders, one suspended by a fine wire, thus 
forming a torsional pendulum. The outer one rotates at a constant 
speed, while the inner one rotates until the torsional force of the sus- 
pending wire balances the viscous resistance, remaining fixed to permit 
a reading. Quoting from Hall: ‘‘ In the case of viscous liquids, if the 
speed of rotation of the outer cylinder is plotted against the angular 
deflection of the inner cylinder, the result will be linear and pass through 
the origin. If a plastic substance is tested, the result will be linear at 
high speeds but the linear portion of the curve extended will not pass 
through the origin but will intersect the deflection axis at a definite 
point above the origin. Clay slips behave like plastic substances in 
this instrument.” 

Hall claims that the results are not reproducible on account of what 
may be called a “ puddling effect’’ due to local agitation in the slip. 

1 Trans. Amer. Ceram. Soc., XVI, p. 472, and Bur. Stand., Tech. Pap. 46, 1915. 

* Sprechsaal, XLIV, p. 597, 1911. 

3 Hall, F. P., Jour. Amer. Ceram. Soc., V, p. 348, 1922. 
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Bingham plastometer.'—In this instrument developed by FE. C. 
Bingham, the rate of flow (of the plastic substance) through a capillary 
tube and under a definite constant pressure head is determined. 

The flow at several pressures is determined, and the volume dis- 
charged per second is plotted against the pressure producing the flow. 
Like the MacMichael viscometer the relation for true viscous liquids is 
linear and passes through the point of origin, but for plastic substances 
the linear portion of the curve extended does not pass through the origin 
because a certain definite pressure must be exceeded before the substance 
will flow at all. 

The slope of the line shows the mobility of the clay, and the intercept 
on the pressure axis shows the initial friction. 

The factors of mobility and yield value, define roughly the plasticity 
of the substance.” 

Wilson and Hall? note that the amount of water required to give 
constant mobility varies widely, and does not appear to bear any definite 
relationship to the usual classifications of more or less plastic clays, but 
that it probably does parallel fairly well the shrinkage in drying. 

Small amounts of acid or alkali appear to have little effect on the 
mobility of a clay slip, but strongly affect its yield value. Hence the 
hydrogen-ion content of the water used in making clay slips should be 
carefully controlled. 

A modification of the Bingham plastometer has been used by Wilson 
and Hall ¢ in which a capillary tube, 5.02 em. long and 1.3624 mm. diam- 
eter, was used. 

The tables in Figs. 48 and 49, show respectively the effect of water 
content on the flow of a Tennessee ball-clay slip, and the flow of various 
clays with a constant water content. 

Figure 50, taken from the same paper, is interesting in showing the 
behavior of a series of clays mixed with the proper amount of water 
to give them the same mobility. Leaving out the bentonite it is 
observed that the order in which the clays arrange themselves with 
respect to their yield value, corresponds pretty well with their relative 
plasticity as usually held. 

To determine the relative plasticity of two clays, a slip of one clay 


1Proc. Amer. Soc., Test. Mat., XIX, II, 1919, and XX, II, 1920; Jour. Amer. 
Chem. Soc., V, p. 350, 1922. 

2 See also U. S. Bur. Stand., Sci. Pap. 278, 1916; Jour. Wash. Acad. Sci., VI, 
Os Jie, WONG. 

3 Jour. Amer. Ceram. Soc., V, p. 916, 1922; also Jour. Ind. and Eng. Chem., 
XIV, p. 1120, 1922. 

¢ Jour. Amer. Ceram. Soc., V, p. 916, 1922. 
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Fig. 48. Fic. 49. 
Fra. 48.—Effect of water content on flow of Tennessee ball clay slip. (Wilson and 
Hall, Jour. Amer. Ceram. Soc., V, 1922. 
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Fig. 49.—Flow of various clays with constant water content. —=1.253. (Wilson 


and Hall, Jour. Amer. Ceram. Soc., V, 1922. 
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Fra. 50.—Comparison of yield value and water content at constant mobility. 
(Wilson and Hall, Jour. Amer. Ceram. Soc., V, 1922.) 
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is made up and its mobility and yield value determined. Then a second 
clay slip is made up and its water content varied until its mobility equals 
that of the first, using the same capillary tube. 

With the mobility constant, the plasticity will vary directly as the 
yield value. 

Miscellaneous methods.—Some have suggested’ using the amount of 
water of plasticity; the per cent drying shrinkage in terms of the original 
clay volume; or the ratio of the volume of pore water to the volume of 
shrinkage water, as a means of expressing the plasticity, but none of 
these are satisfactory. 

Bole,! in pointing out the unsatisfactory character of the different 
methods suggested for determining plasticity, selected five different 
clays, and asked as many observers to judge their plasticity by touch. 
The clays were all made up to maximum plasticity before the test. 
Each observer made three determinations by the touch or feel method, 
the first two blindfolded and the third unrestricted. The identity of 
the samples was unknown to the observer at the time of testing. The 
results are given below: 


ORDER OF PLASTICITY OF CLAYS AS JUDGED BY OBSERVERS USING 
Toucn MrtrHop AnD Basis FoR JUDGMENT 


Tenn. |Weathered : No. 2 fire | N. Ca. 
Clay ball shale Bentonite clay kaolin 
re as) oS ne) 3 Basis of 
ade edot | Touch - Touch = | Touch = Touch = Touch = judgment 
observation a ‘3 2 3 2 
7 iQ | D % |————| 
(a)} (o)} 5 | (a)} (by) 5 | (a)} 0b) / 5 | (a) ()) 5 | (@)] (b) 5 
Observer Momo ele eZ eee le le eos oN onino 94s smoothness 
(1) Drying speed 
(2) 1 |e Cian ei Len er | A Salomon men ©ohesivencss 
(3) | eNO a ae ak es ee | SE I ay |] 2h |) a) AE Pb || 2b] Neer 
Yield 
(4) Pe eeSaie2 ae won on lalro: | AaiAa > St Conestveness 
Adhesiveness 
(5) Rs | |B ak a tk) a) Ze | SS) Se | Clonesinemess 
Adsorption 
(dye) 3 2 1 4 5 
Atterberg 
test POMC: sil reset el eeral ec eee healed lhe leeches NO 
| | | | 


1 Jour. Amer. Ceram. Soc., V, p. 474, 1922. 
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In the last vertical column is indicated the property on which the 
observer claims to have based his judgment. 

It is quite evident that the different observers did not agree with 
each other, or with themselves. It is also interesting to note that the 
dye test and Atterberg test did agree with each other. 

Test of clay in the dried condition.—Of the dry methods there are 
several. One suggested is the tensile strength test, based on the assump- 
tion that there is a direct relation between the tensile strength of the 
dry clay and its plasticity. The relation is only a general one, and 
there are many exceptions, in other words, the tensile strength does not 
vary directly as the plasticity. 

Bischof ! advocated the use of a set of mixtures of a standard clay 
with varying amounts of sand. Each of these is rubbed with the fingers, 
and the amount of dust that can be rubbed off is noted. The clay to be 
tested is similarly rubbed, and rated with one of the standard series 
which has lost a similar amount by rubbing. The method is crude and 
inaccurate. 


TEXTURE 


Definition. By the texture of a clay is meant its size of grain or 
fineness, and since this exerts an important influence on the physical 
properties, such as plasticity, shrinkage, porosity, fusibility, ete., it 
should receive more than passing consideration. Many clays contain 
sand-grains of sufficient size to be visible to the naked eye, but the major- 
ity of the particles in clay are too small to be seen without the aid of a 
microscope, and are therefore so small that it becomes impossible to 
separate them with sieves. 

Mechanical analysis.—In determining the texture of a clay, various 
methods of separation may be used, although it is perhaps of sufficient 
importance for practical purposes to determine the per cent of any 
sample that will pass through a sieve of 200 meshes to the inch. If it 
is desired to measure the size of all the grains found in the clay, some 
more delicate method of separation becomes necessary, and in order 
to do this it is essential that the mass of clay should be first thoroughly 
disintegrated. 

This may be done by placing the clay in a stoppered bottle with 
water and a few drops of ammonium hydroxide, and putting it in a 
shaking machine. Here it is agitated until disintegration is complete.2 


1 Die feuerfesten Thone, p. 88. 
* U.S. Dept. of Agric. Bur. of Soils, Bull. 4, p. 9, 1896. 
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Metruops or SEPARATION 


A number of different methods have been devised for determining 
the texture of clays, but few of them are probably used to any great 
extent. They involve various principles such as separation by settling, 
by water currents, by wind, etc., and the majority require more or less 
special apparatus.! 

In all water separations, the concentration of the clay-water sus- 
pension exerts an important influence on the results obtained. 

G. W. Robinson ? has called attention to the fact that suspension 
concentration not exceeding 5 per cent gives the best results, thus con- 
firming Searle’s statement that the water used should be twenty times 
the amount of clay. 

Screen analysis.*—If clays contain sizes of larger diameter than 
0.066 mm. (0.0029 in.) these can be separated by screens, but water has 
to be used to wash the finer grains through the mesh. After the residues 
on the different sieves are dried, the material should be rescreened, as 
particles which may not pass a given mesh when wet, will do so when dry. 

The purpose of a fineness test, according to the American Ceramic 
Society specifications ‘is to so separate and classify that portion of a 
clay coarser than 0.0029 inch as to afford an index of its sandiness and 
contamination with coarse impurities. It is of further service in making 
it easier to judge the character of the coarse material by the removal of 
the fines. The 0.0029-inch sieve is sufficiently fine to detect the sand in 
clays which are in the least ‘ sandy ’ as the term is ordinarily used.” 

The sieves recommended are those which conform to what is known 
as the Rittinger scale based upon an opening of 0.0029 inch in the 200- 
mesh size, with a wire 0.0021 inch diameter, the successive sieves 
having openings increasing in the ratio of the square root of 2 or 1.414. 

At least two sieves shall be used, and if only two, those of 0.0082 and 
0.0029-inch openings. If more than two are used they shall include these. 

The clay is to be ground without crushing the sand particles. Three 
hundred grams are taken, dried at 110° C. and slaked in enough water to 
make a slip. 

1For a comparison of several of the methods see: Parmelee, Trans. Amer. 
Ceram. Soc., XI, p. 467, 1909; Darby, G. M., Chem. Met. Eng., XXXII, p. 688, 
1925; Boswell, P. G. H., Trans., Faraday Soc., XVIII, p. 34, 1922; S. Oden, Soil 
Science, XIX, p. 1-37, 1925; Baker, H. A., Geol. Mag., LVI, pp. 363, 411, 463, 1920; 
Boswell, P. G. H., Memoirs on British Resources of Sands and Rocks Used in 
Glass Making, Longmans, Green & Co., 1918. 


2 Jour. Agric. Science, XII, p. 306, 1922. 
3See Kerr, C. H., Note of Standard Testing Sieves, Trans. Amer. Ceram. Soc., 


XV, p. 375, 1913. 
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The sieves are dried, weighed, and the clay washed through them. 
After drying to constant weight, they are nested with cover attached, 
and shaken for one minute. They are then weighed individually with 
the sandy residue in each. 

Settling method. Beakers——A method known as the beaker 
method, and suggested by Whitney is simple, but somewhat inconvenient 
on account of the large amount of water required. Its operation is as 
follows: 4 

“ The thoroughly disintegrated clay is transferred to a 3-inch beaker, 
which we may call S. This is filled with water and thoroughly stirred. 
It is then allowed to settle until all solid particles larger than 0.05 mm. 
have subsided. This is determined by taking a sample of the turbid 
liquid from near the bottom of the beaker by means of a small tube, 
transferring a drop of it to a microscope slide, and measuring the size of 
the particles. 

““When the particles larger than 0.05 have subsided, the turbid 
liquid is carefully decanted into a larger beaker, MZ. This turbid 
liquid contains silt, fine slit, and clay, but no sand if the separation 
has been properly timed. The sediment in S consists of sand, containing 
still some silt, fine silt, and clay. This is stirred up with water and 
again allowed to settle until all the grains of sand have subsided, when 
the turbid liquid is again decanted into M. This operation is continued 
until an examination of the sediment in S shows that all particles smaller 
than 0.05 mm. have been removed. The contents of this beaker S are 
then washed into a small porcelain dish and evaporated to dryness on 
the water-bath. When dry this sand may be gently ignited to burn 
off the organic matter, and when cool it is sifted through a series of 
sieves which will be described further on. 

“Tt is often convenient in separating the silt, fine silt, and clay from 
the sand to decant before the last portions of sand have settled. This 
hastens the operation of separating the fine and the coarse material, 
especially where there is a large mass of sand and but little fine material 
to be removed. In this case, the turbid liquid which is decanted is 
put into a separate beaker, and the sand which has been poured off is 
recovered by a further decantation, and when free from all fine material 
it is added to the sand in the porcelain dish while the latter is evaporating 
to dryness. The turbid liquid in the beaker M is thoroughly stirred 
and allowed to settle until a drop taken from near the bottom contains 
no particles larger than 0.01 mm. diameter. The liquid is then decanted 
into another beaker P. The sediment remaining in M is again stirred 
allowed to settle and decanted as before, continuing the operation until 

‘U.S, Dept. Agric., Bur. of Soils, Bull. 4, p. 10, 1896. 
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all particles smaller than 0.01 mm. have been removed. Wash the sedi- 
ment from M into a dish, evaporate, ignite and weigh. 

Stir up sediment in beaker P, then allow to settle until all particles 
larger than 0.005mm. have subsided and decant turbid liquid into 
beaker C. Keep repeating until all particles smaller than 0.005 have 
settled and weigh the sediment in C after drying. The final suspension 
represents clay. 

The sand separated in the beginning of the operation and dried and 
ignited in the porcelain dish is sifted through a series of sieves having 
openings of 2mm., 1 mm., and 0.5 mm. diameter, respectively. 

The passing through the lower sieve is then sifted through two grades 
of bolting-cloth—Nos. 5 and 13—having square holes approximately 0.25 
and 0.1 mm. in linear dimensions. 

Each of these grades of sand is weighed without previous drying, 
as the amount of hygroscopic moisture is usually inappreciable. 

“The water used in the mechanical analysis should be distilled, if 
possible, but clear river, well, or hydrant water may be used. In case 
distilled water is not available, the solid matter in suspension or in 
solution in the water used should be determined by evaporating 500 c.c. 
of the water to dryness, and igniting and weighing the residue. Allow- 
anee should then be made for this residue in the clay determination.! 

Bureau of Mines apparatus.—An apparatus designed by Bureau of 
Mines ? to determine quantitatively the clay remaining in suspension 
at different intervals of time and subsequently the size of grain particles 
removed, is shown in Fig. 51. With this tube the liquid with most of 
the clay particles in suspension can be decanted. As, however, many 
of the particles due to momentum obtained while settling, fall below 
opening of drain tube they are not removed. They can only be removed 
by repeatedly adding distilled water, shaking, and decanting again. 
Thus to separate particles remaining in suspension at end of two days, 
the slip is thoroughly shaken, allowed to stand for that time, and then 
drained off by lifting the stopper from drain tube. The tube is then 
refilled and shaken and allowed to stand, the process being repeated 
until liquid is clear. Decantations can also be made at shorter intervals. 

Weighing method.—Sven Oden * used an apparatus consisting of a 
glass cylinder, an automatic balance, and a recording apparatus. A 
movable plate, suspended from the balance by means of gold threads 


1 Modifications of this method have been used by: Beyer, 8. W., and Williams, 
J. A., Ia. Geol. Surv., XIV, p. 119, 1903, and Searle, A. B., Chemistry and Physies of 
Clays, 1924; see also Stark, Phys. Tech. Untersuchung, Keram., Kaoline, Leipzig. 

2 Jour. Amer. Ceram. Soc., IV, p. 815, 1921. 

3 Soil Science, XTX, p. 1, 1925. 
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hangs directly over the bottom of the cylinder. The settling particles 
collect on the plate and the rate of sedimentation may be obtained by 
weighing the same at intervals.' 

Elutriation method.—In this method as commonly understood the 
clay is treated with a current of water or sometimes an air current. 
The velocity of the current governs the size of the particles transported. 

Schurecht in studying the fineness of clays 
by the elutriation method found that over one-half 
of the clays tested contained 50-100 per cent clay 
finer than 0.003 mm., and that it was impractic- 
able to separate particles smaller than this by 
elutriation.” 

The same fact has been noted by Schlosing,? 
Sven Oden,‘ and Wiegner,® all of whom used the 
sedimentation method for classifying very fine soil 
particles. 

Schone elutriator—With this apparatus the 
clay after disintegration has the pebbles and coarse 
sand particles screened out. The finer portion is 
then placed in a tube (Fig. 52) where it is exposed 
to an upward current of water. Since the carrying 
Fic. 51.—Apparatus power of the current increases with its velocity, 
to determine quan- a slow current will carry off only the finest particles, 
ee olay re- while the heavier ones remain behind. If the velo- 
ie ets city is kept constant the water finally becomes 
Ceram. Soc. Iv, Clear. The current can then be increased sufh- 

1921.) ciently to carry off the particles of the next larger 
size and so on. 

The apparatus consists (Fig. 52) of the separating funnel A, con- 
nected at the top with a narrow Z-shaped tube A, which has an opening 
at L, 1.5mm. diameter. The clay is placed in A. Water is run in 
from the reservoir D, the supply being regulated by the stopcock E, 
thus insuring a definite velocity in A. The rapidity of flow depends on 
the quantity of water entering A per second. Knowing the amount of 
water and the cross section of A, the velocity is equal to the quantity 
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1 See also Calbeck, J. H., and Harner, H. R., Particle size and distribution by 
sedimentation method, Ind. and Eng. Chem., XIX, p. 58, 1927; Robinson, G. W 
Jour. Agric. Sci., XII, p. 306, 1922, and XIV, p. 626, 1924. 

? Jour. Amer. Ceram. Soc., IV, p. 812, 1921. 

* Comptes rend., CXX XVI, p. 1608, and CXXXVII, p. 369, 1904. 

‘Internat. Mitt. fiir Bodenkunde, V, p. 257, 1915; Bull. Geol. Inst. Univ. 
Upsala, XVI, p. 15, 1919. 

* Die landwirtschaftlichen Versuchsstat., XCI, p. 41, 1918. 
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divided by the cross section. The quantity is measured by allowing 
it to run into a measuring vessel for a definite length of time, care being 
taken that the level of the water in K remains constant. In this way 
the flow per second can be calculated. 

The velocity of the flow can be told by the height to which the 
water backs up in the tube k. This 
has to be determined in calibrating 
the instrument. 

To every velocity there corre- 
sponds a size of grain determined 
by calculations, and five sizes are 
made, as follows: 

1. Clay substance, including 
particles removed by a flow of 0.18 
mm. per second. Maximum diam- 
eter 0.01 mm. 

2. Silt, including grains removed 
by a flow of 0.70 mm. per second. 
Maximum diameter 0.025. 

3. Dust-sand, including particles 
removed by a flow of 1.5 mm. per 
second. Maximum size 0.04 mm. 

4. Residue remaining in funnel, 
called fine sand. Diameter 0.04 to 
0.2 mm. 

5. Coarse sand, everything 
larger than 0.2 mm. 

An objection to the apparatus 
is its fragility, the large volume of 
water used, and time required to \<~ 
run! an analysis. Hig. 52. © seh one! s apparatus for elu- 

Hilgard’s elutriator.—A form of triation of clay. 
apparatus devised by E. W. Hilgard 
(Fig. 53), is a modification of the preceding. It has a revolving paddle 
at the base of a cylindrical tube, which is supposed to eliminate the 
counter currents developed in the Schéne apparatus. Its operation 
otherwise is similar. 

Schurecht-Schuize elutriator— Another modification of the Schulze 
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1 For other references on Schéne apparatus see: Jackson, W., Trans. Ceram. 
Soc. (Eng.), III, p. 16, 1903-4; Mellor, J. W., Trans. Ceram. Soc. (Eng.), XVIII, 
p. 252, 1918-19; Mayer, E., Trans. Amer. Ceram. Soc., IV, p. 25 (Results of tests on 
ground flint); Seger, H., Collected Writings, I, p. 44, 1902. 
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elutriator has been proposed by Schurecht.! He uses a 500-gram sam- 

ple, crushed to pass a 4-mesh sieve, after which it is thoroughly blunged 

with 1000 c.c. distilled water in a two-quart “ Daisy” churn. The 

clay is then wet-screened to separate the different sizes above 200 mesh. 

The fine clay-water mixture is fed drop by drop into the elutriator, and — 

ammonium hydroxide is introduced into the feed water through a side 

funnel. A special feature 

: is that the overflow passes 

p over the rims of the cans and 

4 is caught in a launder which 

: extends around the outside. 

Before introducing a sample 

into the elutriator the rate of 

flow is reduced about one- 

= third. The apparatus has to 

Pies | be carefully standardized 

beforehand, and details of 

this are given in Schurecht’s 
paper referred to below. 

The apparatus gives close 
checks if care is used, and 
the observed diameter of the 
Fia. 53.—Hilgard’s apparatus for making me- particles, as separated with 

chanical analyses. distilled water, correspond 
closely to the calculated re- 
sults obtained by using Schéne’s empirical formula.? 

Krehbiel elutriator.—A type of separator which is a modification of 
Schultz’s, but seemingly possessing several advantages, and being at any 
rate cheaper to construct, is that suggested by Krehbiel.* It consists 
essentially of three cylinders with cone-shaped bottoms placed at dif- 
ferent heights (Fig. 54), so that the overflow from the first flows through 
the thistle tube to the bottom of the second, and so from the second to 
the third. The water supply is constant coming from a tank with an 
overflow and fed from a faucet. The height of the tank depends on the 
opening in the end of the delivery tube, and is adjusted by trial. The 
cylinders have different diameters to produce a separation of the par- 
ticles according to the following sizes, namely, in the first or smallest 
can: particles 0.12 mm. to 0.04 mm.; in the second can: those 0.04 mm. 


~w 


1 Jour. Amer. Ceram. Soc., III, p. 355, 1920. 

> For other references see Jackson and Purdy, Trans. Ceram. Soc. (Eng.), IX, 
p. 110; Watts, U.S. Bur. Mines, Bull. 53, p. 46. 

* Trans. Amer. Ceram. Soc., VI, p, 173, 1904. 
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to 0.025 mm.; and in the third, 0.025 mm. to 0.01 mm. The overflow 
consists of particles smaller than 0.01 mm. 

Whirlpool classifier—Stull and Bole found that if instead of dis- 
charging the slip into the can as was done in the Schurecht elutriator, 
it was allowed to flow in tangentially from a constant head, there was 
set up a whirlpool motion. This caused the coarser particles to be car- 
ried towards the center and downwards, where they are collected. The 


ELUTRIATION APPARATUS 


Overflow 


| 


Fig. 54.—Krehbiel’s elutriator for mechanical analysis of clay. (Krehbiel, Trans. 
Amer. Ceram. Soc., VI, 1904.) 


fine clay particles and water float out over the top of the can. Greater 
efficiency is said to be obtained with this apparatus than is possible 
with a simple elutriation process.' 

Air elutriator.2—This form of apparatus was devised in order to 
overcome the defects of any wet method of separation. ‘‘ The appara- 
tus (Fig. 55) consists of five percolating jars set in a wooden frame 


1 Jour. Amer. Ceram. Soc., VI, p. 731, 1923. 
2 4. §, Cushman and P. Hubbard, Air Elutriation of Fine Powders, Jour. Amer. 


Chem. Soc., X XIX, No. 4, Apr., 1907. 
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and connected by tubes of glass passing through close-fitting caps 
tightly clamped to the jar tops. The first jar is of 3 gallons capacity, 
the second 2 gallons, and the remaining ones of 1 gallon each. In the 
bottom of No. 1 is placed a flat spiral tube closed at one end, but with 
a number of very small openings through small jets soldered into the 
upper surface of the spiral at an angle of about 30°. The open end of 
the spiral passes through a tightly fitting rubber stopper inserted in the 
neck of the jar and is connected to the source of air supply. An in- 
verted funnel tube whose stem passes through another rubber stopper 
fitted in the cap at the top of the jar is connected to a glass tube which 
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Fic. 55.—Cushman’s air elutriator. (After Cushman and Hubbard, Jour. Amer. 
Chem. Soc., X XIX, No. 4.) 


passes in a similar manner nearly to the bottom of No. 2. An inverted 
thistle tube connects No. 2 with No. 3 in like manner, and so on through 
Nos. 4 and 5, the exit tube of No. 5 being connected to a vacuum. The 
exit of No. 5 was covered with fine linen lawn. Rubber stoppers close 
the necks of the jars and are removed only when it is desired to draw 
off the charges of powder which have accumulated during a run. A 
charge of oven-dried powder not exceeding 1 kilogram is placed in jar 
No. 1. Blast and vacuum are then turned on and adjusted so that a 
steady stream of air passes through the powder with sufficient force to 
raise a dense white cloud, which assumes a vortex motion as it ascends, 
owing to the arrangement of the air jets. The heavier particles con- 
tinually fall in a ring near the walls of the vessel, where they build up 
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until caved in by the air jets, while the lighter particles are carried into 
No. 2 through the funnel tube, and so on, the very finest being caught 
in the last jar.” . 

Other separation methods.—In addition to the simple settling and 
current methods of separation, several others have been used as described 
below. 

Centrifugal separator.—This is perhaps one of the most satisfactory 
methods that has been devised. It consists (Fig. 56) of a fan motor ! 


Fie. 56.—Centrifugal separator for mechanical analysis. (Photo loaned by 
Bureau of Soils.) 


placed with the armature shaft in a vertical position. This carries 
a framework with eight test-tube holders, trunnioned, so that they can 
swing outwards and upwards as the frame revolves. 

The disintegrated sample is placed in these tubes, and twirled at a 
high speed for several minutes. As a result of this all particles except 
the finest clay grains are thrown to the bottom of the tube by centrifugal 
force. These are decanted off, the tubes refilled with water, and the 
sediment again stirred up. A second twirling of the tubes, either at a 
lower speed or for a shorter period, precipitates everything except the 


1U.8. Dept. Agric., Bur. Soils, Bull. 64, 1900. 
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fine silt, which is then also decanted off. The subsequent sizes are then 
separated from each other partly by settling and partly by sieves. 

The different sizes which can be so separated and their dimensions 
are shown in the table below: 


TABLE SHOWING Size or GRAINS OF SAND, Siut, AND CLAY 


Size of diameters 
Conventional name 

Inch Millimeters 
il, (GHGs Saab eos con 1/12 -1/25 2-1 
Dm Coarcersand see 1/25 1/50 1-0.5 
3. Medium sand...... 1/50 -1/100 0.5-0.25 
4, Fine sand..........] 1/100 —-1/250 0.25 -0.1 
5. Very fine sand..... 1/250 -1/500 0.1 -0.05 
G2 Silt meee aoe, a)eeeeee 1/500 —1/2500 0.05 —0.01 
fe MERU SSMS 65.0 6 er 9 oo. 1/2500-1/5000 0.10 -0.005 
Bi Clay venatctauck aie 1/5000-1/25000 | 0.005-0.0001 


___ Suspended from 


balance 


Fig. 57.— Plummet 


Level of 


. clay slip 
> 


Glass plummet 
5 | with mercury 


sedi- 


mentation apparatus. Jour. 


Ceram., Soc. 


1921, 


Amer. 


IV, 


Plummet apparatus.'—This consists of a 
plummet, a closed glass tube half-filled with 
mercury, suspended from a chemical balance 
by means of a thin copper or gold thread 
(Fig. 57). Since the suspended weight is 
greater with a low clay content than with a high 
one, the specific gravity variation of the upper 
half of the shp may be calculated from the 
suspended weights of the plummet. This 
method for determining specific gravities is 
said to be accurate to 0.0001 g./c.c. 

In operation the cylinder is filled to a level 
equal to 12.70 em. above bottom when plum- 
met is in place, and is then thoroughly shaken 
and placed beneath the balance. The plum- 
met is slowly lowered into slip, weighed, and 
the time of starting test and making weights 
recorded. Weighings are repeated at intervals 
of 1, 2, 3, 5, 10, 20, 35, and 60 minutes; 2, 3, 
2, and / hours,sand 9142.93.) 5.8 10) 20 a0u 
30 days. The number of weighings depends 


on the clay, few particles remaining in suspension after five days. 


*Schurecht, H. G., Jour. Amer. Ceram. Soc., IV, p. 816, 1921. 
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After first seven hours, the cylinder is kept stoppered and the plum- 
met is lowered into the suspension for each weighing. This permits 
the same plummet to be used for a number of cylinders. The tempera- 
ture of liquid should be kept uniform. 

Since different clays have different specific gravities and different 
shaped grains, the size of particles remaining suspended after different 
intervals may be determined by catching a drop of the liquid adhering 
to plummet each time it is removed, and examining same under micro- 
scope. 

The clay remaining in suspension may be determined from 


_ Pd—Ps _ Weight of slip equal to volume of plummet 


Sc = : 
Pd— Pw Weight of water equal to volume of plummet 


S = Specific gravity of slip; 

P = Dry weight of plummet in grams; 
Pw = Suspended weight of plummet in distilled water in grams; 
Ps = Suspended weight of plummet in slip in grams. 


Since Pd — Pw is constant for each plummet, the values of S for 
different volumes of (Pd — Ps) may be plotted on a chart as a straight 
line. With this chart the values of S may be readily obtained from 
Pd — Ps. 

The average weight of clay per cubic centimeter is then obtained 
from the formula 

Co = wie’) = a 
D—-d 
Cw = Average weight of clay per cubic centimeter of slip; 
D = Specific gravity of clay; 
d = Specific gravity of water; 
S = Specific gravity of clay slip. 


Assuming that d = 1 for water, the following formula is obtained: 


DGS) 
D-—1- 


Ci = 


Since D is constant for a given clay, the values of Cw for different 
values of S may be plotted on a chart as a straight line. With this 
chart the values of Cw may be readily obtained. Since the specific 
gravity of a clay may vary between 2.5 and 2.7, this should be deter- 
mined for each sample. 
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One advantage claimed for the plummet apparatus is that it: 
the separation of the extremely fine particles, below 0.0031 
easier to keep at a uniform temperature, and keeps the electroly 
stant. It is also much more rapid than the sedimentation test. 

Microscopic method.—A method for determining the text 
microscopic examination is described by G. St. J. Perrott an 
Kinney ! as follows: 

“A sample is mounted in Canada balsam, diluted with about 
cent xylol. A few drops of this mixture are placed on a piece | 

dow glass and : 


Minutes Hours Days | | amount of pul 
12 5 10 20351 |2 |5 |10/ 1/2 | 5 |10| coal? sample 
Max--sizelof ay}grains ma.m————| with it until tk 
020 |.010.006 1003.002 .001 .0005 eal 2 
a Eng. china clay ticles are even 
----Ga, whit ms a 
eee ae ==N. Gar. kaolin seminated in th 
a SSimcs a rel oe Ls = bie clay T lid 
& go} Se te Ee a eee jig sam. wo slide 
5 aS SOR ewe | 
& as asc mite 75 mm. used for | 
2 60 \ Bs >» : 
8 mes ; | | |) | ing the samp! 
oy Bes, drop of the mix 
g 
Canada _ balsan 
is . 
a coal is placed « 
4 clean slide. TI 
0 1 2 3 4 5 


Fe in this mixture 
Fic. 58.—Results of sedimentation tests made by weigh about 0.0 
plummet method. Jour. Amer. Ceram. Soc., IV, 1921. A second thin | 
placed on top 
drop and the slides gently pressed together and slid back an¢ 
until there is an even distribution of coal and balsam. The 1 
should cover a circular space about two inches in diameter. 

“The microscope is provided with a micrometer eyepiece, the 
est divisions of which are 10 microns at a magnification of 200 dis 
and 43 microns at a magnification of 500 diameters. A magnil 
of 200 diameters is usually employed. 

“In making the determination, the microscope is first focusec 
area at one corner of the slide and the total number of particl 
quarter field counted, making note of the size of each particle. 
work the ‘size’ or ‘diameter’ of the particle has been taken 


‘Jour. Amer, Ceram. Soc., VI, p. 417, 1923. 


> The authors used the method in examining powdered coal, but it is ar 
to clays, ete, 
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side of a square having similar area. This ‘squaring’ of the particle 
is carried out visually with the aid of the squared ruling of the eyepiece. 
Such procedure is approximate but probably gives values as nearly 
correct as any method can give on the irregularly shaped par- 
ticles. 

“In making this count particles are grouped as being 1, 2, 5, 10, 15, 
20, 30, 40, etc., microns in diameter. Our practice has been to count 
the number of largest particles first. 

“Sufficient areas are examined so that a fair average of the number 
of particles of each size in a quarter field is obtained. For a sample of 
coal which has passed through a 200-mesh screen, this will entail estima- 
tion of the number of particles 2 and 5 microns in diameter in about 
10 areas, 10 and 15 microns in diameter in some 40 areas, 20 and 30 
microns in diameter in some 100 areas, while as many as 300 separate 
areas may have to be examined for a correct estimation of the average 
number of particles 40 microns or over.” 

Calculation —An example of the method of calculation is given 
below: 


Average 
number 
Diameter of : Per cent 
: 3 Relative ° 
in particles ‘ by Micron 
; 4 weight : 
microns ina weight 
quarter 
field 
20 1 1X 208 8,000 Tah ORME <2. 0 2.2 
15 3 3X 15% 10,125 14.1 0.141 x15 2.1 
10 40 40 x 108 40,000 Domo 0.556 X10 526 
5 110 inlOs< Ge 13,750 19.2 0.192 5 LO) 
Total rel. wt.) 71,875 100.0 Aver. size 10.9 


Relation between composition and texture.—lFew analyses have 
been published showing the chemical composition of the different-sized 
grains in a clay. 

G. P. Grimsley and F. F. Grout have analyzed the mechanical sepa- 
rations of sixteen samples of clay with the following results: ! 


1W. Va. Geol., III, p. 61, 1906. 
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Size in mm. if iM Til IV V 
BiOsekeve este 44,08 1 Ba 24 P70, 300 esiete 73063 
AlOa-e.<-.| 28016 | 23.00°| 16.04 | “9276 113.01 
es0 eee 7 G4 aol || ap 20) eed ameter 
FeO. 99 99 63 40 18 
Cad. 76 82 72 31 47 
Vic teres 136 Met Oe 80 39 48 
K,0 3 Oba |b Seat a aeons eis 93 
Na,O 00. | 29 45 56 09 
Moist...... 2.80 | 1.10 56 5 87 
Ignition loss.| 10.86 | 7.79 | 4.33 | 2.59 | 4.40 
TOun ae Ba ol acl 49" Tee tats 73 60 
“y I. 00 to 0.001. 


II. 0.001 to 0.005. 
III. 0.005 to 0.02. 
IV. 0.02 to 0.15. 
Ve.Oet Soup: 


As might be expected these analyses show a higher percentage of 
silica in the coarser grains, still the increase is not a steady one, but 
none of the other ingredients show either an increase or decrease from 
coarse to fine. The maxima are in each case underscored. The appre- 
ciable titanium percentage in even the coarser grains is of interest, 
although it is not known in what form the titanium occurs therein. 

Analyses of twelve Minnesota clays separated mechanically into five 
fractions, each of which was analyzed, showed that silica tends to con- 
centrate in the sand while AloO3g, Fe203 and K2O tend to concentrate in 
the silts and clays. The CaO, MgO and NagO vary erratically. Kao- 
linite and ferric minerals are more abundant in the finer sizes, while 
quartz and carbonates are said to be less abundant. ! 

Fineness factor.—The fineness of ground materials used in the cer- 
amic industry is frequently expressed by means of a term known as the 
surface factor.2. The factor often used is that of Jackson as modified 
by Purdy. It is based on the assumption that the surface areas of two 
powders, derived from a unit volume are in inverse ratio to the average 
diameter of their grains, and hence the reciprocal of the average diam- 


1 Grout, F. F., Bull. Geol. Soc. Amer., XXXVI, p. 398, 1925. 

>See Jackson, Trans. Eng. Ceram. Soc., III, p. 16; Krehbiel, Trans. Amer. 
Ceram. Soc., VI, p. 173, 1904; Binns, Trans. Amer. Ceram. Soc., VIII, p. 244, 1906; 
Purdy, Trans. Amer. Ceram. Soc., VII, Pt. ITI, p. 441, 1905; Cushman and Hubbard, 
Jour. Amer. Chem. Soc., XXIX, No. 4, 1907. 
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eter is taken as the factor. Although the assumption is in error,! the 
factor affords a convenient approximation, and is often used. The 
Purdy factor is obtained as follows: The elutriation of a powder is sup- 
posed to have separated it into the four following sizes: No. 1, diameters 
ranging from 0.12 to 0.04 mm.; No. 2, 0.04 to 0.025 mm.; No. 3, 0.025 
to 0.01 mm.; No. 4, 0.01 to 0.00. Taking the average diameters the 
surface factor of each group is as follows: 


Group eee Surface factor EMEA 
lameter present 
il 0.080 199 = 12.50 10 
2 0.0325 |29990— 30.77 | 20 
3 0.0175 | 19990 — 57.14 | 20 
4 0.0050 | 29,990 — 200.00 | 50 


The total surface factor is obtained by multiplying the surface factor 
of each size by the percentage weight of each group, and finding the sum 
of the products thus obtained. Thus: 


12.50 X 0.10 
30.77 X 0.20 
57.14 X 0.20 
200.00 XK 0.50 


118.83 


STRENGTH OF Dry Cuay ? 


The strength of a dry clay is an important property and has a prac- 
tical bearing on problems connected with the handling, molding, and 
drying of the ware, since a high strength enables the clay to withstand 
the shocks and strains of handling. Through it, also, the clay is able 
to carry a large quantity of non-plastic material, such as flint, feldspar, 
ground bricks, ete. 

The strength of a dry clay may be determined by the transverse, 
tension, or compression test. Formerly the tensile strength was the 
property commonly determined, but now the transverse strength test 


1 Cushman and Hubbard, 1. ¢. 

2 Por further information on this subject see the following articles in Trans. Amer. 
Ceram. Soc., VII, pp. 397, 195; XII, p. 141, 1910; XV, pp. 271 and 345, 1913; 
XVI, p. 277, 1914; XVII, pp. 92, 412 and 651, 1915; XIX, p. 603, 1917; N. J. 
Ceramist, Mar. 1922, p. 5; Brit. Clayw., XX XII, p. 293, 1924. 
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is usually employed, because it gives more uniform results. Compres- 
sive tests are rarely used. 


TRANSVERSE STRENGTH 


The transverse strength is the resistance which a bar of clay offers 
to a load applied at right angles to its length. 

This test is made by molding the clay into a bar, and after thorough 
drying determining its cross-breaking strength in terms of the modulus 
of rupture (2), calculated from the formula. 


rm 3wl 
2b?" 
w = weight required to break bar; 
1 = distance between supports; 


b = width of bar; 
h = height of bar. 


It is of great importance that the bars should be carefully molded 
and gradually as well as thoroughly dried. 

An apparatus for making the transverse test is shown in Fig. 59. 

The specifications for the test as recommended by the American 
Ceramic Society are as follows: 

“The clay shall be thoroughly dried at 65° C. or above, but under 
100° C., crushed and screened to pass a standard 28-mesh sieve 
(0.0232’’ hole, 0.0125” wire). It shall then be thoroughly mixed dry 
with 50% by weight of standard silica sand that passes a 20 mesh 
(0.0328” hole, 0.0172” wire) and is retained on a 28 mesh (0.0232” hole, 
0.0125” wire) standard sieve. The mixture shall then be made up 
to soft-mud consistency with water and thoroughly pugged by hand. 

“The test piece shall be made in a suitable metal or wood mold. 
It shall be 7’’ long and have a 1”’ square cross section in the plastic state. 

“The mold shall be evenly and thinly oiled with kerosene and placed 
on a firm smooth surface. A lump of the clay mixture, somewhat 
larger than is required to fill the mold, shall be thrown forcibly into the 
mold so as to completely fill out the lower corners. The excess shall 
then be cut off with a spatula, and the top slicked off and appropriately 
marked. 

“The test pieces shall be allowed to dry in room temperature until 
air dry. They shall then be placed in a drier operating between 65° 
and 75° C. for at least five hours, and from there transferred to a drying | 
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oven, operating at 110° C., where they shall remain until approximately 
constant in weight. 

“The test pieces shall be cooled in a desiccator and then measured 
in breadth and thickness in hundredths of an inch, each being the aver- 
age of two readings. They shall then be broken in a suitable machine, 


eo ay ee re eee ee a 


| ies Sa oe aS ae eis SE ERS ol Seteerl Se 


Fig. 59.—Apparatus for testing the transverse strength of clays. A shot pail is 
hung on the hook, and shot fed into it from shot box with automatic shut off. 


having knife edges with a }’’ radius and 5” apart. The machine should 
have an automatic shutoff for the shot, and the rate of loading should 
be about 100 lbs. per minute. 

“The modulus of rupture shall be calculated by the formula given 
above. The average of 10 test pieces shall constitute a test except 
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that two faulty test pieces are allowable, in which case the average shall 
be taken of the eight or nine remaining. 

“A variation of plus or minus 15% from the average modulus of 
rupture is permissible. The test pieces showing a greater variation 
shall be considered faulty and discarded.” 

Range of transverse strength.—The modulus of rupture of dried 
clays shows a remarkable range, running from a few pounds per square 
inch in some kaolins up to 1500 lbs. in some very plastic clays. 

No standard terms have been adopted, but Watts! suggests the 
following: 


| Pounds 
ower eae Oa LOO 
Medium low...| 100-200 
Medium....... 200-400 
Medium high... | 400-800 
cheer Over 800 


Transverse strength of different clays.—The following range is shown 
by different types of clay, the figures being taken chiefly from a number 
of published sources. 


| 
Modulus 

NRE SEN, of rupture 

Washed icaolinc 07a ere gaan 75- 200 | 
White sedimentary kaolin, Ga.-S. Ca.....] 150— 166 
BallsGlayyouecrscrsterstercrerheroerer eae 25-— 600 
Cru ciblesclavermae stir tte a eee 187— 691 
Retractonys bondiclayees nine 395-1093 
Gilaissip obacla yerarcercaiee ret tae rere eee 173-1068 
Sagerer: clay oc a aa ae eae 46— 474 
WUONe Wale Clays sete eee een 94— 678 
Bewer=piperclayace ike aaa eee 190— 589 

Brick clay: oeace cron eee eee 50-1500 | 


Effect of moisture content.—A rather interesting series of figures 
has been given by C. H. Kerr and R. J. Montgomery.” 

Working with St. Louis fire-clay alone (a), and a mixture of the same 
with 50 per cent grog (b), it was found that: (1) The maximum strength 


1 Jour. Amer. Ceram. Soc., VI, p. 247, 1920. 
Trans. Amer. Ceram. Soc., XV, p. 270-8. 
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(modulus of rupture) was reached only when the bars were dried to less 
than | per cent moisture for (a) and 0.5 per cent moisture for (b); (2) the 
maximum strength of both (a) and (b) was not attained until long after 
all shrinkage was over; (3) when shrinkage was completed only about 
half the maximum strength was attained; (4) with (a) no measurable 
strength was obtained until the water was reduced from 26.6 per cent 
(best plasticity) to 20 per cent. With decrease from 20 to 11 per cent 
the modulus of rupture increased regularly from 0 to 300 Ibs. per sq. in. 
From 11 per cent to 3 per cent water there was no change in strength. 
Below 3 per cent the strength increased rapidly to 600 lbs. at 0.5 per cent 
water; and (5) with (b) starting at 17.6 per cent water there was a maxi- 
mum point on the strength curve at 8 per cent water (165 lbs. per sq. in.). 
Below 1.5 per cent water the strength increased rapidly to 300 lbs. at 
0.1 per cent water. 
The details of these tests are given in the following table: 


TRANSVERSE TESTS ON St. Louis FIrrRE-cLAY 


Modulus of rupture changes during drying 


St. Louis fire clay 50 per cent St. Louis fire clay; 50 per cent grog 
Modulus Modulus 
Per cent of Length Per cent of Length 
of water | rupture, of of water | rupture, of 
based on| pounds |} shrink- | Method of drying |based on} pounds | shrink- | Method of drying 
dry per age, dry per age, 
weight | square | per cent weight | square | per cent 
inch inch 
PAG POM tice taeyeneo|tssnuem guetta At start RUA OMEN || Bae recast] Dee enea tea At start 
18.8 26 2.8 Air-dried SAO Pals, hows ater: 11500) Air-dried 
18.3 43 3.2 Air-dried LS)... |e atinoterais Pel Air-dried 
16.4 82 4.8 Air-dried 12.3 70 3.0 Air-dried 
14.8 173 Dol Air-dried TORO 129 4.0 Air-dried 
10.9 309 Weak Air-dried 8.0 166 4.6 Air-dried 
10.2 265 8.3 Air-dried 7.4 150 4.9 Air-dried 
9.9 243 Wess) Air-dried a0) 157 5.0 Air-dried 
8.2 311 7.8 Air-dried 6.3 138 4.8 Air-dried 
7.8 264 7.8 | Air-dried #5), 146 Dat Air-dried 
3.2 330 7.8 Over sulphuric acid 3.4 136 4.8 Air-dried 
Zo 422 Sh Over sulphuric acid Pagal 138 4.8 Air-dried 
1-0 558 7.5 Over sulphuric acid 0.9 168 5.0 Air-dried 
0.5: 645 $2 Over sulphuric acid 0.9 225 4.6 Over sulphuric acid 
303 aS Over sulphuric acid Onn Al 4.9 Over sulphuric acid 


Effect of sand.—The addition of sand usually decreases the trans- 
verse strength, although in some clays the reverse happens. The latter 
may be particularly true of some very plastic, fine-grained clays, which 
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have a high air-shrinkage, as a result of which minute cracks are devel- 
oped which act as flaws. 

The following figures by A. V. Bleininger and W. L. Howat * show 
the effect of adding sand to a number of clays: 


TRANSVERSE TESTS OF CLAY WITH AND WITHOUT SAND 


Modulus rupture, pounds 
per square inch 


Without sand | With sand 


Balliclaysee.-.s2-.- 375-588 242-330 
Plastic fire-clay..... 484-520 216-280 
SHaLeSs Meee eater mee: 311-403 178-237 
Plastic kaolins...... 239-325 122-210 
Primary kaolins.... 74-166 53— 82 


TENSILE STRENGTH 


The tensile strength of a clay is the resistance which it offers to 
rupture, or being pulled apart when air dried.” 

Measurement of tensile strength.—The tensile strength is measured 
by molding the thoroughly kneaded clay into briquettes, of similar 
form and shape to those made for testing cement, and then when thor- 
oughly dried in air, and at 105° C., pulling them apart in a suitable 
testing machine. The cross section of the briquettes when molded is 
1 sq. in., but after drying it will be somewhat less than this depending 
on the air-shrinkage of the clay. Care should be used in filling the mold 
to see that the clay is uniformly pressed into it. 

Not less than ten or twelve briquettes of each clay should be tested 
in order to obtain a fair average. Most clays should not show a varia- 
tion of more than 15 or 20 per cent, but in clays of high strength it may 
be greater than this. 

Any standard type of machine (Fig. 60) can be used for determining 
the tensile strength, but since there is sometimes a tendency for the 
jaws of the clip to cut into the clay, some asbestos, pasteboard, or rubber 
should be put between the inner surface of the clip jaws and the sides of 
the briquette.® 


1 Trans. Amer. Ceram. Soc., XVI, p. 272, 1914. 

? For relation of transverse to tensile strength see Ries, H. and Allen, S. W., 
Trans. Amer. Ceram. Soc., XII, p. 141, 1910. 

‘For a simple type of testing machine see Bleininger, A. V., and Howat, W. L 


Trans. Amer. Ceram. Soc., XVI, p. 275, 1914, ‘ 
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The tensile strength is expressed in pounds per square inch, but since 
the clay shrinks in drying, allowance must be made for this, and the cross 
section measured before testing. 


Fie. 60.—Fairbanks tensile-strength machine. 


N, clips for holding briquettes; 


P, screw for applying strain to balance-lever C; F, bucket to hold shot fed 


in through J from the hopper K; J, automatic cut-off. 


Effect of drying on tensile strength.—The following figures by C. W. 
Saxe and O. 8. Buckner! show the effect of thorough drying on the 


tensile strength: 


Errect or THoroucH Dryineé on TENSILE STRENGTH 


Clay II Ill 
Balllclavce seen messin eek Sf 5) 59.4 63.4 
Baillelave aera tete ine 32.9 34.9 38.7 
BMG laa a8 greek ne 30.1 Bt 35.4 
IPEHe CEN ie 5 an ne ea Oe 65.3 69.9 CHM 
Balliclavaee are nave oe 49.7 52.1 54.5 
ARHWOGER 4 o5506000 bc 58.9 59.8 54.4 
German crucible clay...| 64.1 70.6 76.1 
American crucible clay..| 52.6 61.2 62.0 
PSD EC Ley eee ine 46.1 51.2 57.3 

I. Air dried 


II. At 55° C., 24 hours. 
III. At 110° C., 24 hours. 
IV. At 110° C., cooled in desiccator. 


1 Jour. Amer. Ceram. Soc., I, p. 1138, 1918. 
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Range of tensile strength.—The following figures taken from various 
sources give the range in tensile strength shown by a number of different 
types of clay.! 


RANGE oF TENSILE STRENGTH IN DIFFERENT KINDS OF CLAY 


Tensile 
strength, 
pounds per 
square inch 


Type of clay 


Crudelkaolimntar eee 50-100 
‘Ballicla year reer ree 33-200 
(ikCruciblevclayenmee eet 123-124 
Refractory bond clay... .. 95-132 
Glass poticlayen ese 59-227 
Plastic: firerclavene eee | e41=65 
acer cll ayer ee ae | 196-293 
Paving brick clay........ | 657-818 
IDI CORN acacsasncadccou| i= auls 


Cause of tensile strength.—In order to get satisfactory and reliable 
results, great care is necessary in molding and drying the briquettes, 11 
being claimed by some that fine-grained clays will show an abnormally 
low strength unless dried very slowly. 

Experiments by Orton ? seem to bear out this fact. Five series o! 
the same clay were tested by him as follows: 


Average 
tensile 
Series Rate of drying strength, 
pounds per 
square inch 


Quickest, severest drying... 


il 182.49 
2 Somewhat slower........ 178.17 
3 SULTS Owens seer 176.13 
4 Very slow indeed........ 204.80 
5 Artificial conditions... ... 205.53 


L 


‘For additional tests see Wheeler, H. A., Mo. Geol. Surv.; XI, p. 111, 1897 
Beyer, S. W., and Williams, I. A., Ia. Geol. Surv., XIV, p. 83, 1904; Ries, H., N. J 
Geol. Surv., Fin. Rept., VI, p. 85, 1904. 

? Trans. Amer. Ceram. Soc., Vol. III, p. 202, 1901. 
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The fifth series was placed in a tightly closed jar with calcium 
chloride. 

With such a variation existing in the tensile strength of clays, it 
becomes a matter of interest to know the cause of this variation. 
It is a well-known fact that all clays shrink in drying, and that this 
shrinkage is accompanied by a drawing together of the particles. Indeed, 
some clays shrink to such a hard mass as to suggest a close interlocking 
of the grains, which, it seems to the writer, may be the explanation of 
the tensile strength shown; that is to say, those clays in which the inter- 
locking of the particles is the tightest will show the highest tensile 
strength and vice versa. If this is true it becomes necessary to determine, 
if possible, what arrangement or size of particles produces the tightest 
and strongest structure. 

E. Orton, Jr.,! attempted to determine the effect of the fineness of 
grain on the tensile strength of clays by taking a very fine-grained clay 
and mixing different sizes of sands with it, the sand being obtained by 
grinding and screening vitrified bricks. His conclusions were ‘“ (1) that 
the tensile strength of mixtures of a plastic ball-clay with equal quanti- 
ties of non-plastic sands will vary inversely with the diameter of the 
grains of the sand from grains of 0.04 inch down to the finest sizes 
obtainable. (2) That the non-plastic ingredients of clay influence its 
tensile strength inversely as the diameter of their grains, and fine-grained 
clays will, other things being equal, possess the greatest tensile strength.”’ 
In other words, the coarser the grains of sand the less the tensile strength 
of the mixture containing them. 

The results of these tests are shown graphically in Fig. 61. 

A series of tests on natural mixtures of varying texture were under- 
taken by the writer in connection with a study of the New Jersey clays.” 
Five samples were selected at random as follows: 

1. A very plastic, slightly gritty, dense, red-burning clay from 
the Alloway formation, with an average tensile strength of 453 Ibs. per 
square inch. 

2. A Pleistocene clay of gritty, plastic character, but not as dense as 
the previous one. Its average tensile strength was 297 lbs. per square 
inch. 

3. A gritty, plastic clay from the Cape May formation, with an aver- 
age tensile strength of 289 lbs. per square inch. 

4. A Raritan clay of black color and sandy, micaceous character, 
with an average tensile strength of 105 lbs. per square inch. 

5. A soft, powdery, washed ball-clay from the Raritan. It was 

1 Transactions American Ceramic Society, Vol. II, p. 100, and Vol. ITI, p. 198. 

2N. J. Geol. Surv., Final Report, Vol. VI, p. 87, 1904. 
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plastic to the feel, with very little grit, and a tensile strength of under 
20 lbs. per square inch. 


240 
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‘Pounds per square inch, tensile strength 


4 ZZ Dotted line indicates 
“probable course of jreal curve 


100 90 80 70 60 50 40 30 20 10 0 
Diameter of grains in terms of the largest. Largest size =100 


Fic. 61.—Curve showing relation between fineness of grain of non-plastic material 
and tensile strength of clay mixtures. (After Orton, Trans. Amer. Ceram. Soc., ITT.) 


The percentage of the sizes in each of the five samples is shown in 
the following table: 


MercHaAniIcaL ANALYSES OF SoME NEw JERSEY CLays 


Conventional names I | II lil IV V 
Clay substance........ 59.00% 44.00% 22.00% | 30.645%| 87.96% 
Fine silt. . Taha 11.00 fe ill 5.66 14.21 6.95 
Silt and ne nee 14.70 24.35 26.55 5.585 3.00 
Wileyehiwern SOIC sao SO) 7.80 lal 28s 6.400 1.00 
Saricl Mees ee eee tes 11.40 16.35 33.44 42.950 

99.60 99 61 99.10 99.790 98.91 


I. Laboratory No. 680. 
Il. Laboratory No. 659. 
III. Laboratory No. 645. 
IV. Laboratory No. 615. 
; VY. Laboratory No. 723. 
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These figures seem to throw some light on the relation of the texture 
to the tensile strength, but, while highly suggestive, are not to be taken 
as final. The results of these tests are also shown graphically in the 
table (Fig. 62), in which the horizontal lines represent percentages. Of 


Clay substance 
Fine silt 
Medium Sand 
Tensile strength 
‘lbs, per sq. in.. 


ato 2°2 & Percent 


“4 
i=} 


297 
453 


5| Under 20 


Fic. 62.—Curves showing relation of texture to tensile strength. (After Ries, 
N. J. Geol. Surv., Fin. Rept., VI, p. 89, 1904.) 


the six columns, the first five represent the grain sizes and the sixth the 
tensile strength. 

Taking No. 5 of the above table of analyses we find that it contains 
87.96 per cent of clay substance. This point is plotted in the first column. 
The point representing the percentage of fine silt is then plotted in the 
next column, and so on with the other sizes. These points are then 
connected with a curved line. In the same way the percentages of the 
different sizes of grains of the other samples were plotted and connected 
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by curved lines. The lines are drawn in different ways, so that those 
representing the different clays can be more readily distinguished at a 
glance. From a study of this table it is seen that the clay having the 
lowest tensile strength (No. 5) contains a very high percentage of the 
finest clay particles, furthermore, the clay having the second lowest 
tensile strength (No. 4) contains the largest percentage of sand (42.9 
per cent). From this it appears that an excess of either coarse or fine 
grains lowers the tensile strength. On the other hand, in those clays 
having the highest tensile strength the percentages of fine, medium, and 
coarse particles are more nearly equal. This is perhaps what might 
be expected, for if the tensile strength is due to the interlocking of the 
grains, a mixture of different sizes would fit together more closely than 
if particles of one size predominated, as in Nos. 4 and 5 of the table. 
It is rather difficult, however, to compare these results with Orton’s, 
as in his artificial mixtures the non-plastic particles were of uniform size, 
while in the natural mixtures a variety of sizes existed. 

Beyer and Williams ! reached somewhat similar conclusions at about 
the same time, their work on the mechanical analyses of the loess-clays 
indicating that the clays showing the highest tensile strength were the 
ones in which there was the most evenly proportioned amounts of the 
sizes of the grains represented, therefore those possessing a large propor- 
tion of excessively fine particles or those running high in some inter- 
mediate size of grain are weaker. The following mechanical analyses 
made by them indicate this: 


Mrcuanicat ANALYSES oF Iowa Lorss CLaAys 


Size of clay particles 
Loss Total eee 
Clay at .1 to |.05 to}.01 to per wre 
230° wee 05 | .01 | .003 cere cent |Sttength, 
; mm.]/mm.|]mm.]| * pounds 
mm. |}. : mm. 
incl. | inel. | incl. 
Besley, Council Bluffs, top 
CLAY anaes Ore eee 1.55) 3.44 |22.10/49.11/13.44) 10.35) 99.99} 149 
Gethman, Gladbrook...... ./2.59] 5.19 |22.46/32.04/14.15] 23.55} 99.98] 279 
Besley, Council Bluffs, bot- 
(HONON GEN, 5 pono ao aonack 2.04) 1.62 |25.26]29.72)17.85)| 28.74)100.23) 244 


If the theory of interlockment is true, then it should be possible to 
make a mixture of two clays whose tensile strength is higher than that 
of either of the clays alone or vice versa. 


1Ta. Geol. Surv., Vol, XIV, p. 102, 1904. 
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The writer ' has noted a case of two clays from near Asbury Park, 
N. J. One of these was a slightly gritty, black clay, with an average 
tensile strength of 182 lbs. per square inch. The other was a plastic 
loam, whose average tensile strength was 137 Ibs. per square inch. A 
mixture of the two in equal proportions, however, had an average tensile 
strength of 258 lbs. per square inch. 

Another clay from a different formation had an average tensile 
strength of 108 lbs. per square inch, while a mixture of equal parts of this 
clay and a somewhat coarse sand had a tensile strength of but 65 lbs. 
per square in., the decrease being evidently due to the excess of sand. 

Grimsley and Grout claimed that a constant relation exists between 
the tensile strength of a clay and the percentage of soluble salts which 
it contains. While it is true that each series, when plotted by itself, 
shows a parallel rise between salts and tensile strength, yet no such 
regularly ascending curve would be obtained if all the data were com- 
bined into one. For example, the amount of soluble salts (0.40) in the 
West Virginia clays of 150 lbs. tensile strength, is hardly any greater than 
those of the New York series (0.37) ranging from 0-50 lbs. in tensile 
strength. 

COMPRESSIVE STRENGTH 

The compressive strength of unfired clay is rarely determined and 
comparatively few tests have been published. 

Seattered data give the compressive strength of dried washed 
kaolin from 200-400 lbs. per sq. in., and of ball-clays from 400-1200 
Ibs. per sq. in. 

Range of compressive strength.—The following figures from Blein- 
inger and Howat,’ give crushing strength of the dried clay alone, and 


CoMPARATIVE STRENGTH TrEsts oF CLAY WITH AND WITHOUT SAND 


Without sand With sand 


Compres- Tensile Trans- Compres- Tensile Trans- 
sion verse sion verse 
Ball clays.........| 565-1148] 135-210 | 375-558 | 464-777 | 124-180 | 242-330 
Plastic clays ae ee 631-954 | 155-172 | 484-520 | 476-553 | 113-150 | 216-280 
Sialesere res seat oa): 636-806 | 126-187 | 311-403 | 403-449 | 77-111 | 178-237 
Plastic kaolins. ...| 455-5: 104-147 | 239-325 | 286-559 | 54-110 | 122-210 
5 


39 
Primary kaolins...| 205-349 | 34- 69 | 74-166 | 164-172 | 29- 35 56— 82 


1N. J. Geol. Surv., Final Report, Vol. VI, p. 90, 1904. 
2W. Va. Geol. Surv., III, p. 58, 1906. ; 
3 Trans. Amer. Ceram. Soc., XIV, p. 274, 1914. See also Schurecht, U.S. Bur. 


Stand., Bull. 79, 1916. 
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when mixed 1 : 1 with standard Ottawa sand, as well as the tensile and 
transverse tests. 


STRENGTH OF FIRED CLAYS 


The following tests, by Schurecht, of the transverse strength on 
dried and fired clays,! indicated that while the modulus of rupture is 
considerably higher in the fired than in the green state, it does not 
appear to increase steadily with the temperature of burning. 

It was found that with one exception they developed their maximum 
strength at cone 8, even though porosity and shrinkage data indicated 
them to be under- or over-fired at this temperature. The cause of weak- 
ening above cone 8 was thought to be due to the formation of “ silli- 
manite.”’ 

TRANSVERSE STRENGTH OF DRIED AND FIRED CLAYS 


Modulus of Modulus of rupture of 
rupture, burned clay 
pounds, 

square inches, 

dried, 110° C.| Cone 6 | Cone 8 | Cone 10 
29 F BO 88 812 
Tionesta clay, Ellis, Muskingum Co., O.| : oe a ee “te 
Lower Kittaning clay, unweathered, \|{1. 218.6 3,190 3416 2665 
Roseville, Muskingum Co., O. Oro 1O5 8,556 | 8680 7504 
Lower Mercer clay, White Cottage, | |/1. 132.0 2,964 3223 1670 
Muskingum Co., O. 2. 25007 5,703 7285 4681 
j : 1. 14225 2,023 2283 2181 
Sa eceahg Se LES 2. 259.0 | 4,666 | 4820 | 3361 
Lower Kittanning clay, Fire-brick,\|{1. 324.9 4,068 5075 3014 
Lawrence Co., O. (2. 499.2 10,448 7190 6175 


Run of mine, ground to pass 20 mesh. 
Washed clay, passing 150 mesh sieve. 


1= 

2.= 

A similar strength peak was noted by Ries and Oinouye 2 in testing 
the tensile strength of some fired clays (Fig. 63). 

Another series of experiments,? made on mixtures of seven different 

fire-clays with grog (burned to cone 15 and ground to pass 10 mesh), 

showed that repeated heating decreased the strength, but each mixture 


showed a slight increase at some point beyond which the strength again 
decreased. 


1Schurecht, U. 8. Bur. Stand., Tech. Pap. 2383, p. 33, 1920; also Jour. Amer. 
Ceram. Soc., IV, p. 366, 1921. 

2 Trans. Amer. Inst. Min. Engrs., LVIII, p. 184, 1918. 

§ Kirkpatrick, F. A., Trans. Amer. Ceram. Soc., XVIII, p. 545, 1916. 
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Bleininger! in a study of the relation between the porosity and 
crushing strength of clay products noted that the compressive strength 
seems to increase rapidly as porosity is decreased below 3-4 per cent, 
- and less rapidly as it is decreased to this value. 


Pounds 


9 610 


Hours 


Fic. 63.—Tensile strength of a clay air dried, and after firing. Ries and Oinouye, 
Trans. Amer. Inst. Min. Engrs., LVIIT, 1918. 


PLastic STRENGTH 


In this test described by R. F. 
MacMichael,? the plastic bri- 
quette is held in wooden clips, 
standard Ottawa sand _ flows 
through a small opening from 
the container into a_ bucket 
suspended from the lower wooden 
clip. When the flow of sand is 
less than 2 lbs. per minute, the 
comparative results are not as 
uniform as when the rate of 
application of the load is greater. 
Wilson states that in general the 
plastic tensile strength indicates 
the plasticity of clays, but that 
individual comparisons are often 
misleading. Figure 64 shows 


4.0 
FIG.2, 
229 
3.5 
3.0 tr 
702 
2.5 


re 
—) 


WET TENSILE STRENGTH-POUNDS PER SQ, IN, 


LO 12.0) 8.0) 205.0 6:0 7.0) 8: 
FLOW OF SAND-POUNDS PER MIN. 
@= Weight of Bucket Plus’2Test Piece 
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some results obtained with this test. 


1 Trans. Amer. Ceram. Soc., XII, p. 564, 1910. 
2 Trans. Amer. Ceram. Soc., XVII, p. 639, 1915. 
3 Wilson, H., Univ. Wash., Bull. Eng. Exper. Sta., No. 18, 1923. 
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SHRINKAGE 


All clays shrink in drying and burning, the former loss being termed 
the air-shrinkage and the latter the fire-shrinkage. 

Air-shrinkage——In clay which is perfectly dry all the grains are 
in contact, but between them there will be a variable amount of pore- 
space depending on the texture of the clay. The volume of this pore- 
space is indicated somewhat by the quantity of water that will be 
absorbed without the clay changing its volume, this water filling in 
the space between the grains. It may be termed pore water. 

The presence of more water than is required to fill the spaces between 
the grains produces a swelling of the mass, and in this condition each 
grain is regarded as being surrounded by a film of water; but while the 
grains still mutually attract each other the attraction is less than in 
the dry clay, and the mass yields readily to pressure. An excess, how- 
ever, separates the clay particles to such an extent that the clay softens 
and runs. A clay will therefore continue to swell as water is added 
to it, until the amount becomes too great to permit it to retain its 
shape. 

Some clays absorb very little water, while others take up a large 
quantity, and G. P. Merrill! mentions one from Wyoming which when 
placed in a measuring-flask absorbed and retained sufficient water to 
increase its bulk eightfold. 

When a clay has been mixed with water and set aside to dry evap- 
cration of the moisture commences and the particles of clay draw closer 
together, causing a shrinkage of the mass. This will continue until 
all the particles come in contact, but since they do not fit together 
perfectly there will still be some pore-spaces left between the grains, 
and these will hold moisture which cannot be driven off except by 
heating at 105°C. The air-shrinkage may therefore cease before all 
the water has passed off. 

The amount of water added to a clay may have considerable effect 
on its drying shrinkage, but according to some exerts comparatively little 
effect. on the physical properties of the burned mass, although the latter 
point is disputed by others.? 

The rate of evaporation of the water from the clay will naturally be 
governed by the capillary flow of moisture from the interior of the mass 
towards the surface. In highly colloidal clays therefore the water will 
evaporate at a more rapid rate from the surface, than it can be supplied 

1'The Non-metallic Minerals, p. 233. 


* Montgomery, R. J., and Fuiton, C. E., Trans. Amer. Ceram. Soe., XVII, 
p. 437, 1915. . 
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from the interior, so that stresses are developed which may cause visible 
or invisible cracking.! 

According to Bleininger the permeability of the clay to water may be 
said to vary as K/r?, where K = a constant, and r = mean radius of 
the particles. 

While different clays, differ greatly in their amount of air-shrinkage 
and rapidity with which they can be dried, it appears that the total 
shrinkage depends on the water content, and is not influenced by the 
rapidity of drying. The drying time depends on the water content and 
also the structure of the clay.” 

The air-shrinkage, in addition to varying with amount of water used 
for tempering, will also range with the size and shape of the piece. 

To obtain more uniform results, it is safer to take the dry volume or 
dry length as the basis of measurement. 

Fven this may not give uniform results, because the ary volume may 
vary with the drying treatment. 

For greatest accuracy the true volume of the dry-clay grains may 
be used as the basis for shrinkage measurements, but this involves true 
specific gravity determinations, ete. 

If the linear shrinkage of a test piece is measured, it will be found to 
vary in different directions, and for this reason it may be more desirable 
to give the volume air-shrinkage of the clay. 

Sand or materials of a sandy nature counteract the shrinkage, and 
are frequently added for this purpose, but, since they also render the 
mixture more porous, they facilitate the drying as well, permitting 
the water to escape more readily, and reducing the danger from crack- 
ing. If the sand added to dilute the shrinkage is refractory it also 
aids the clay in retaining its shape during burning. 

The effect of sand on a clay is well seen from the following experi- 
ment with a clay from Herbertsville, N. J.: 


I II Til 
Glave me rere: | BA 33 108 
Clay + 50 per cent sand.| 15.6 So 65 


I. Per cent of water required. 
II. Per cent of air-shrinkage. 
III. Tensile strength, pounds per square inch. 


1 Bleininger, A. V., Colloid Symposium Monograph, II, p. 90. 
2 Geller, R. F., Jour..Amer. Ceram. Soc., IV, p. 282, 1921. 
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From the above it is seen that the addition of 50 per cent of sharp 
sand reduced the amount of water required a little over one-half. The 
air-shrinkage was reduced 37.73 per cent, but it was accompanied by 
a loss in the tensile strength of nearly 40 per cent. 

Expression of air-shrinkage.—The air-shrinkage of a clay may be 
expressed either in terms of its length (linear air-shrinkage) or in terms 
of its volume (volume air-shrinkage). 

To determine the linear air-shrinkage, a straight line is ruled on the 
test bricklet, with two cross lines, a definite distance apart. 

After the clay has been first air-dried, and then at 105° C. in a hot-air 
bath, the distance between the two cross lines is measured and from this 
the linear air-shrinkage computed in terms of the wet length, or if 
desired in terms of the dry length. 

To determine the volume shrinkage, the freshly molded test piece 
is placed in a volumeter (see Volumeters) filled with kerosene, and its 
volume determined. The bricklet is then thoroughly dried, soaked 
for twelve hours in kerosene of the same specific gravity as that used 
in the volumeter, and its volume again determined. 

The volume can be determined from the formula: 


Vi= Ve 
| =e < 100 = volume shrinkage, 
1 


in which V; = wet volume; 


V2 


I 


dry volume. 


The linear air-shrinkage may be calculated from the volume shrinkage 
by the following formula: 


(1 ie 4 100 
a= |(1—~1J—— 
100 x ! 


in which a = per cent linear shrinkage; 
b = per cent volume shrinkage. 


Range of air-shrinkage——The following figures give the range of 
linear and volume air-shrinkage of several classes of clays, collected 
from a number of different sources: 


SHRINKAGE 


Linear AND VotumE Air SHRINKAGE or DirreRENT CLAYS 


I II 

Cru NAOMI, ys can obese noe 5.0 — 7.60 | 14.11-20.92 
Wieishedikaolinte eras 3.3 —10.80 | 20: 20-28 .91 
White sedimentary kaolin...| 4.5 -12.50 | 7.53-36.46 
Balliclavae- eqn ern on oe 5.25-12.0 | 21.9 -31.92 
Crile GER 3 34 osoqewon se Ded SMa. || eset Os 
Refractory band clay....... 4.25-11.0 | 30.48-45.00 
(CIEE TOMAR A. 5.g60 0060098 3.31— 9.5 | 20.57-48.80 
Plastic fire clays). 0.0.4. 1.7 -9.4 6 .67—28 .80 
Iboawy ie EWES 5 5occ00aces 0.78 6.59 | 2.36-21.12 
aApeeniGlay suas ccceioe ae .6 LOLS 9 10=25.0 

Stoneware clay............ 4.8 -—9.3 15.11-41.2 

Hace ibnickacl) yarn rer 2.4 — 5.66 7.60-17 .95 
Sewer pipe clay............ 3.5 —10.5 16.12-22.9 

Pavan ealonlckacl siya eee 0.9 -— 5.82 | 3.54-18.29 


I. Per cent of linear air-shrinkage. 
II. Per cent of volume air-shrinkage. 
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Effect of pressure on air-shrinkage.—The amount of pressure applied 
to a wet clay, seems to have little or no effect on the air- and fire-shrink- 


age of a clay or its porosity after firing. 


The following figures, by C. W. 


Parmelee,! show the amount of moisture in the clay after compression, 


and porosity after firing at cone 63: 


Errect of PREessuRE ON Porosrry AND MorstTuRE CONTENT 


Pounds of Moisture Apparent towel Open pores Sealed 
pressure on content, porosity, porosity, pemcente pores, 
whole surface} per cent per cent * per cent + per cent + 

Molded by 
hand 18.40 20.47 33.35 27.29 6.06 
2,000 17.00 20.67 32.94 27.49 5.45 
8,000 17.00 20.73 32.10 27.38 4.72 
15,000 17.20 20.46 31.40 26.82 4.85 
30,000 16.90 20871 32.13 27.37 4.76 
50,000 15.60 21.44 33.30 28.58 4.82 


* Calculated in terms of whole volume. 


+ Calculated in terms of volume of the solid. 


1 Trans. Amer. Ceram. Soc., XVI, p. 195, 1914. 
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Bailey ! argues that because the air shrinkage varies with the method 
of preparing the test pieces, that it is of little value as compared with 
the volume shrinkage. It is not quite clear, however, why the latter 
would not be affected by the same factors. 

Preheating.—It has been noticed that in some highly plastic clays 
the air-shrinkage may be reduced by preheating them to temperatures 
up to 500°C.2_ This treatment produced a notable decrease in the 
shrinkage but the effect was much less in clays of moderate or low 
plasticity. The reason for the change is to be assigned to the destruc- 
tion of some of the colloidal matter. 

As examples: Tennessee ball clay No. 3 had a volume air shrinkage 
of 42%. After preheating to 350° C it was 22%, and after 450° C it 
was 8 per cent. 

A very sticky surface clay with a volume shrinkage of 44 per cent, 
showed 12 per cent after heating to 350° C., and 9 per cent after 450° C. 

Factors affecting air-drying.—The speed with which it is safe to air 
dry clays, varies with the character of the material. Open, porous 
or sandy clays are usually easier to dry than dense, highly plastic ones, 
for in the latter the water is evaporated more rapidly from the surface, 
than it can be drawn from the interior. The result is the development 
of stresses which may cause cracking.® 

The time of drying is naturally an important element, and very plastic 
clays may require slower drying than less plastic ones.* 

Some idea of the drying qualities of a clay may be obtained from 
tests made with small samples, insofar as they serve to separate the very 
bad from the good drying clays. There may be an intermediate class 
which give good results with small test pieces, but do not dry well in 
large ones.° 

According to Wilson, “ the drying ability of large-size pieces of clay 
ware cannot be accurately expressed in numerical terms of strength, 
shrinkage, time of drying, ete.” 

The factors aiding safe drying are: (1) Pore space of body, (2) plastic 
strength, (3) dry strength. The factors indicating resistance to drying 
are: (1) Shrinkage, and (2) time of drying. 


1 Trans. Amer. Ceram. Soc., XVIII, p. 557, 1916. 

* Brown and Montgomery, U. S. Bur. Stand., Tech. Pap. 21; see also Orton, 
K., Jr., Trans. Amer. Ceram. Soc., XII, p. 765, 1911; Keele, J., ibid., MODY, 105 1A. 
1912. 

3 See also Lindsay, D. C., and Wadleigh, W. H., Jour. Amer. Ceram. Soe., VIII, 
p. 677, 1925. 

*See R. P. Geller, Jour. Amer. Ceram. Soc., IV, p. 282, 1921. 

§ Wilson, H., Bull. Univ. Wash. Eng. Exper. Sta., No. 18, 1923. 
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These factors expressed numerically can be combined in the following 
equation: ! 
(per cent pore water) X (plastic tensile strength 
x (dry transverse strength) 


Safety of drying = 
y ore (per cent volume shrinkage) x (time of drying) 


Bleininger 7 suggests using the formula: Resistance of clay to dry- 
ing = (per cent linear shrinkage) X (time in hours for complete shrink- 
age). 

The time in hours for complete shrinkage is ascertained by repeated 
measurements of the linear dimensions, when a given sized test piece is 
subjected to constant temperature (63°) and humidity conditions. 

Repeated volume measurements can also be made and are considered 
more reliable. 

Fine-grained clays often crack badly in drying. 

Casselman drying test.—A laboratory method to determine the dry- 
ing characteristics of clays has been suggested by E. J. Casselman ? as 
follows: 

“‘ (1) Grind the clay to pass a 40-mesh screen; (2) take three samples 
of the ground clay, approximately 25 grams each, designated as A, B, 
and ©; (3) blunge samples A and B 4 with just sufficient water to make 
aslip that will barely flow, and allow to stand for thirty minutes; (4) 
blunge sample C with enough water ° to make it flow very freely, and 
‘age’ for half an hour before pouring; (5) pour the three samples upon 
the smooth surface of a plaster slab; © (6) smooth over and flatten with 
the finger samples A and B to avoid drying in a conical shape; (7) when 
the water of the sample A has been removed by the plaster to the extent 
that the upper surface is no longer wet or adherent to a spatula, remove 
the sample from the plaster and make into a suitable form for determina- 
tion of drying shrinkage. A cube is satisfactory; (8) leave samples 
B and C on the plaster slab without being touched until they are dry; 
(9) allow all the samples to dry naturally in the air. 

“The following observations are made on the different test-pieces 
when dry: (1) Drying shrinkage is determined upon test-piece A, 
either by volume or length, but if the former, the linear shrinkage 
should be computed from it. (2) It will be found in the drying of the 


1 Wilson, H., Univ. Wash. Eng. Exper. Sta., Bull. 18, p. 31, 1923. 
2U.S8. Bur. Stand., Tech. Pap. 79, p. 20. 

3 Jour. Amer. Ceram. Soc., X, p. 59, 1927. 

4 The blunging is done in a porcelain mortar with an egg beater. 

5 At least 2.5 ec. of water should be used for every gram of clay. 

5 The diameters of the wet pieces, A and B should be 7 to 8 cm. 
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test-piece B that the surface against the perfectly smooth plaster is in 
a slightly warped condition of a convex character. This surface may 
be irregular and frequently has a varying radius of curvature at different 
points. The measurement that is made is the average radius of curva- 
ture of this surface at the edge of the test-piece. One method of making 
this measurement is to tip the test-piece up on edge by pressure with the 
fingers, so that the plaster base is tangent to the large surface at its 
junction with the boundary edge. The diameter of the test-piece and 
the distance the opposite edge is raised from the plaster are measured 
as shown in Fig. 65. The radius of curvature is computed from the 
formula 
D? 


aes 


wherein D is the diameter of the specimen, H' is the height of the 
raised edge, and F is the radius of curvature. The measurement should 
be made at several points around the 
test-piece, so that a fair value for the 
average radius can be computed. (38) 
The amount of cracking in test-piece 
C is observed. These test-pieces gen- 
erally show either a few large cracks 
that begin at the edge of the test-piece 
and extend inward, or else a large 
number of cracks that check the entire 
body of the testpiece. Interpretation: 
(1) Clays with good drying properties 
have (a) low drying shrinkage, 7 per 
cent or less, on the test-piece A; (b) 
a large radius of curvature, 40 em., or 
more, in test-piece B; (c) a small 
Fic. 65.—Method of measuring the amount of cracking, less than five 
radius of curvature of test piece B. : : ; 
(Casselman, Jour. Amer. Ceram. Soc., ee cracks, a test-piece C. (2) 
X, 1927.) Clays with poor drying properties 
have: (a) a high drying shrinkage, 
10 per cent, or more, on test-piece A; (6) a short radius of curvature, 
20 cm., or less, on test-piece B; (c) a large amount of cracking and 
checking on test-piece C. (3) Clays with intermediate drying properties 
have various combinations of these properties.” 
Fire-shrinkage.—All clays shrink during some stage of the firing, 
even though they may expand slightly at certain temperatures. The 
fire-shrinkage, like the air-shrinkage, varies within wide limits, the 


SHRINKAGE 231 


amount depending partly on the quantity of volatile elements, such as 
combined water, organic matter, and carbon dioxide, and partly on the 
texture and fusibility. 

Fire-shrinkage may begin at a dull-red heat, or about the point at 
which chemically combined water begins to pass off and reaches its 
maximum when the clay vitrifies, but does not increase uniformly up 
to that point. The clay worker, however, always tries to get a low 
fire-shrinkage, using a mixture of clays if necessary in order to pre- 
vent cracking and warping. After the expulsion of the volatile ele- 
ments the clay is left in a porous condition, until the fire-shrinkage 
recommences. In the table! following there are given the results 
of a series of tests made on eight different clays, which were 
burned at temperatures 100°C. apart from 500°C. up to 1100°C. 
inclusive.” 


TABLE SHOWING PROGRESSIVE SHRINKAGE AND Loss or WEIGHT 
AT DIFFERENT TEMPERATURES 


On, 

alee as 600° C. | 700° C. | 800°C. | 900° C. NOOO FC ALOOS GC: 

a ae SOS || MEE? AN |) Wa Te || AAs Yaya tel 1332" He 202m i. 
5 | 2 | : 

at ae 7 |e = =| = Sf 2 
Sees icp i |, le | yi |, Ie 1, dice |, i ly 
Sees |S VOn te (Oo Lee be be le be 2 SE mSas hee 
| a | PoE be te Ja Ie Pe Oe lee a a Ez |e 
5 [e) og (o) ° 2 3 ° ° 3 o) ° 3 ° ° S io) fo) S vo) ° =) 
Sil elesla |e lBale lSdle (SSS lS618 ledlie led 
g cB) Ory] Dis] Dyas] O-F] O45] OA] Oys| O-n!] O45] O-8 D 4> O-5 |] Oy] O-n 
ro) rs) OOM! Om OHI ODmIOCOH| Om] oe) Ooms oe on Sy ts] || Sy Wan! 
Sln le sla Sle Slade Slama Slade Slad| oO ladle clad 
os} cd) o oO o o >) o oO o o o ic?) o od oO 
pe ee ee ee oe se oy oy A | 
648 | 9.0/2.69/6.38)1.72) 0.3)0.70/0.0 |0.88] O 0.56) O 0.19) 0.7/0.38) 4.0 
655 | 4.6/1.36/6.10)1.38) 0.0)0.55)0.0 |0.33) O 0.33) O OPAL O74) Pall) 24! 
663 | 5.3/1.50)/4.24/1.37| 0.7/0.35)0.3 |0.05) O 0.27) O |4-0.06] 0.0/0.19) 1.3 
665 | 7.0|1.43/8.65]1.07| 0.3/0.48)0.0 |0.39} O |0.12) 0 0.10) 2.7}0.00}12.6 
696 | 5.6/3.48/9.42/2.61) 0.4)1.61/0.0 |0.46} O |0.33) 0 0.14) 1.3/0.22) 4.7 
708 | 1.0/0.63)2.52/1.05] 0.0)0.26)/0.0 |0.10) O |0.02) O 0.09) 1.4/0.03) 0.0 
717 | 8.0/3.29|5.32/1.70) 0.3/0.83/0.0 |0.41) O |0.49) O 0.34) 1.3]0.24) 4.0 
728 | 2.0/0. 70'3.23]1.03) 0.6/0.6110.0 |0.22) O |0.15) 0 COV AHO) WL SHG), PA PA Pf 


Explanation of table.—The clays tested were the following: 

648. Fat, black, micaceous clay, of Clay Marl I from Maple Shade, 
Ned. 

655. A clay marl. Exact locality unknown. 

663. A Pleistocene clay from Vineland, N. J. 


1N. J. Geol. Surv., Fin. Rept., Vol. VI, p. 92, 1904. 
2 Tbid., p. 94, 1904. 
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665. A yellow, finely gritty, Cohansey clay, heavily stained with 
limonite from Toms River, N. J. 

696. Black, Asbury clay from west of Asbury Park, N. J. 

703. Sandy, Raritan clay from near Fish House, N. J. 

717. A very plastic clay from Clay Marl III, south of Woodbury, 
INE 

728. Hudson River shale from Port Murray, N. J. 

The bricklets had been standing in a warm room for several weeks, 
and, although they appeared perfectly dry, they were placed in a hot- 
air bath and kept at a temperature of 110° C. for a day, being weighed 
both before and after. This drove off the moisture remaining in the 
pores, and the resulting loss in weight indicated in the third column of 
the above table shows the quantity of moisture that may remain In a 
brick after the air-shrinkage has ceased. It is least in the sandy, lean 
clays and highest in the black one, which is colored by organic matter. 
The second column indicates the per cent of air-shrinkage, calculated 
upon the length of a freshly molded bricklet. The fourth column, headed 
500° C. gives the loss in weight from the thoroughly dried condition (at 
105° C.) up to 500° C., calculated on the weight of the air-dried sample. 
The following columns give the additional loss in weight for each 100° C., 
as well as the fire-shrinkage taking place in this temperature interval. 
From an inspection of the table it is seen that most of the volatile sub- 
stances, such as the chemically combined water contained in the hydrous 
aluminum silicate, mica, or hmonite, and organic matter, pass off before 
500° C., and that an additional appreciable amount is expelled between 
500° C. and 600° C. Between 600° C. and 1100° C. there was a small 
but steady loss, while in one case (No. 663) there was even a gain in 
weight at 1000° C. Two samples, Nos. 696 and 665, showed a high loss 
at 500° C. and 600° C., as compared with the others, but this was due to 
the former containing considerable organic matter, and the latter having 
a very high percentage of limonite, which would supply an additional 
quantity of chemically combined water. 

The amount of fire-shrinkage shown by these samples is equally 
interesting, for it is seen that, although the loss in weight between 500° C, 
and 900° C. is considerable, still there is little or even no shrinkage, so 
that, after the volatile elements have been driven off, the clay must be 
very porous, and remains so until the fire-shrinkage begins again. 
From the table it will be seen that, with one exception, no shrinkage 
occurred between 600°C. and 900° C.; but between 900°C. and 1000° C., 
all except No. 663 decreased in size, and there was an additional but 
greater shrinkage between 1000° C. and 1100° C. None of the bricklets 
became steel-hard, that is, sufficiently hard to resist scratching with 
a knife, until 1000° C., or even 1100° C. In the case of those burning red, 
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a good red coloration began to appear at 1000° C. From this it can be 
seen, and this is a fact already known, that, up to 600° C., a clay should 
be heated slowly; but from that point up to 1000° C. the temperature 
can be raised quite rapidly, unless much carbonaceous matter is present. 
The gradual burning-off of this carbon is well shown in Fig. 45, which 
represents a series of bricks taken from a kiln at regular intervals as the 
burning proceeded. Further heating should be done slowly, as the 
shrinkage recommences at the last-mentioned temperature. 

Some clays may expand slightly at low temperatures. In one 
series of British fire-clays tested! it was found that in most. of 
them there was one temperature below 900° C. at which sudden expan- 
sion occurs. These changes it is pointed out are most likely to be con- 
nected with allotropic changes in the quartz present. 

A kaolin heated very slowly to 1080°? showed a slight expansion 
up to 530° C., at which temperature a marked contraction started, and 
continued for two days, while the temperature was maintained constant. 
Another pronounced ccntraction took place between 680°-710° C., 
and again at 870° and 950°, after which there was no further shrinkage 
up to 1080° C. These changes were apparently not due to vitrification. 

Some highly calcareous clays expand slightly in the early stages of 
firing. 

While the fire-shrinkage may be due mainly to the progress of vitri- 
fication (see Vitrification), there are undoubtedly other causes, which 
operate particularly at lower temperatures, for, as pointed out by 
Bleininger and Brown,’ a shrinkage takes place above the temperature of 
dehydration, which is analogous to the shrinkage of alumina, magnesia, 
and other typically amorphous bodies. Since this may be shown mark- 
edly by some very pure clays, it cannot represent contraction caused 
by vitrification. 

Kaolin begins to contract soon after the chemically combined water 
is driven off, when the substance is a typical amorphous body. A flint 
clay is cited whose contraction practically ceased at cone 1, and remained 
constant in volume for a long temperature interval up to cone 22. 

The fire-shrinkage varies widely in different clays, and may proceed 
at very different rates (see Vitrification). 

Since many clays, when used alone, shrink to such an extent as to 
cause much loss from warping and cracking, it is necessary to add mate- 
rials which of themselves have no fire-shrinkage, and so decrease the 
shrinkage of the mixture in burning. Sand or sandy clays are the 
materials most commonly used for this purpose, but ground bricks 

1 Firth, Hodkin and Turner, Jour. Soc. Glass. Technol., IV, p. 163, 1920. 


2 Houldsworth and Cobb, Trans. Ceram. Soc. (Eng.), XXII, p. 111-137. 
ONL {S), 1iome, Sue wael, LexwUE 75 7D, 5 
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(grog), may be employed. They furthermore add to the porosity of 
the ware, and thus facilitate the escape of the moisture in drying and in 
the early stages of burning, as well as enabling the product to withstand 
sudden changes of temperature. If sand is added for this purpose, it 
may act as a flux at high temperatures, and this action will be the more 
intense the finer its grain. 

Large particles of grog are undesirable, especially if they are angular 
in form, because, in burning, the clay shrinks around them, and the sharp 
edges, serving as a wedge, open cracks in the clay, which may expand 
to an injurious degree. Large pebbles will do the same, and at many 
common brickyards it is not uncommon to see bricks split open during 
the burning, because of some large quartz-pebble left in the clay, as 
the result of improper screening of the tempering sand. For common 
brick, the type of sand used does not make much difference, as long 
as it is clean; but if sand is to be added to fire-brick mixtures, it should 
be coarse, clean, quartz-sand. Burned clay-grog is more desirable than 
sand for high-grade wares, since it does not affect the fusibility of the 
clay, or swell with an increase of temperature as sand does, but precau- 
tion should be taken to burn the clay to its limit of shrinkage before 
using it. 

Measurement of fire-shrinkage.—Either the linear or volume fire- 
shrinkage may be determined, and in the same manner as explained 
under air-shrinkage, except that in addition the temperature or cone 
(see Seger Cones) at which the shrinkage is determined should also be 
given. 

The shrinkage may be expressed in terms of the volume or length as 
moulded, or in that of the dried clay. 

The formula for volume fire-shrinage expressed in terms of the dry 
clay would be: 


( Vir — V2) 100° 


Volume shrinkage = ; 
9 


Vi = volume of dry clay; 


= 
| 
to 


2 = volume of burned clay. 


A method for measuring the fire-shrinkage suggested by W. C. 
Broga and C. J. Hudson! consists in measuring the circumference of 
clay discs by means of a wire stretched around the outside. It can be 
graduated to read the circumference of the discs in centimeters, or if 
they are all of the same initial size it can be calibrated to read the per- 
centage shrinkage directly. 


+ Jour. Amer. Ceram. Soce., V, p. 34, 1922. 


CHAPTER V 


PHYSICAL PROPERTIES OF CLAY (continued) 


DETERMINATION OF VOLUME 


THE determination of the volume of either raw or fired clay may be 
necessary for measuring volume shrinkage during drying or firing. 


Several different types of apparatus 
have been designed for this purpose. 

In most of them the test piece has 
to be soaked in water or kerosene, in 
order to fill the pores, before it is placed 
in a corresponding liquid in the volu- 
meter. This is avoided in the type of 
volumeter using mercury as the immers- 
ing medium. 

Several different forms are described 
below: 

Seger volumeter.— This _ consists 
(Fig. 66) of a four-litre, wide-mouthed, 
glass-stoppered jar. A circular opening 
in the center of the stopper is fitted 
with the ground-end of a short glass 
tube m, which expands above into a 
bulb 6, and is again contracted above 
it. The jar has a glass stopcock e 
near its base, which is connected above 
with a burette a of 125 ¢.c. capacity, 
and graduated to tenths. The upper 
end of the burette also widens to a 
bulb f, from the top of which there 
extends a bent tube for the attachment 
of a rubber, this tube being used to 
draw the liquid into the burette. 

When the stopcock in the lower part 


HTPC OSA MAP 
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Fia. 66.—Seger’s volumeter, for 
determining porosity and volume. 


of the burette is open, and the liquid filled in jar up to the mark on the 
small glass tube m, the liquid stands at the zero-point in the burette. 
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The method of using the apparatus, together with the results obtained 
on a number of Iowa clays, was as follows: ! 

To use the volumeter for determining the volume of clay, it is 
filled with oil, ordinary kerosene with a specific gravity of 0.8 (which 
must be accurately known) having been found to give satisfactory 
results. 

After filling the jar the burette is drawn full of the liquid by suction 
through the rubber tube, and held full by turning the burette-valve 
or by means of a pinch-cock on the rubber. The stopper is now removed 
and the test-piece of the clay put in. The stopper is now replaced, and 
by releasing the pinch-cock d, oil from the burette is allowed to flow 
back into the jar until it stands at the mark on the short tube. 

The volume of the clay is then indicated by the height of the liquid 
in the burette above the zero mark. The piece of clay is taken out 
and placed to dry while the volumeter is again filled to the zero points 
to be ready for the next test. 

When dry the clay is heated to 105° C. to expel all hygroscopic 
moisture and after weighing it is placed in a vessel of oil until saturated. 
When saturated the volume of the piece is measured as before. Having 
now the wet and dry volumes, the percentages of cubical shrinkage in 
drying are easily calculated. 

A serious objection to the Seger volumeter is its cumbersome char- 
acter and the time required for operation. 

Pycnometer volumeters.—A type described by Schurecht ? is that 
illustrated in Fig. 67, which is made of glass. To operate the bottle is 
filled with kerosene or water, and as stopper is inserted sufficient liquid 
is forced into the tube in stopper to fill it completely. The excess 
liquid is wiped off and bottle weighed. The briquette to be measured 
is then placed in bottle and operation repeated. 

The calculation is: 


y= W-W4+8 
S 

V = Volume; 
W = Weight of bottle plus liquid; 
Wi = Weight of bottle plus liquid plus briquette; 
B = Weight of saturated briquette; 
S = Specifie gravity of liquid. 

1Ta, Geol. Surv., Vol. XIV, p. 107, 1904. 

* Jour. Amer, Ceram. Soc., I, p. 556, 1918. 
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Precautions: Weight of bottle plus liquid should be checked at inter- 
vals. A scratch on side of bottle is used to insure stopper being placed 
each time in same position. 

‘Shaw’s volumeter ! is shown in Fig. 68. The procedure is given as 
follows: 1. Saturate the briquette with liquid (kerosene, if green; 
water, if burned), 2. Place briquette in volumeter. 3.- Fill volumeter 


VOLUMETER 
PYCNOMETER TYPE 
FOR 
DIRECT VOLUME MEASUREMENT 


A A 


VOLUMETER 
Glass; operated as a 
pycnometer 


[176 =| Section Through A-A 


Fig. 67.—Pycnometer volumeter of | Fic. 68.—Shaw’s volumeter of pycnometer 
Schurecht. (Jour. Amer. Ceram. type. (Jour. Amer. Ceram. Soc., II, 
Soe., I, p. 918.) 1919.) 


to mark. 4. Remove stopper and briquette. 5. Replace stopper in 
same position as original. 6. Run liquid from burette through the 
tube in stopper until the bottle is filled to the mark. 7. Read the 
volume directly from burette. The experimental error in manipulating 
this apparatus will approximate about 0.1 c¢.c. 

Direct-reading overflow volumeter.—A direct-reading overflow volu- 
meter designed by the Ceramic Experiment Station of the Bureau of 
Mines” is shown in Fig. 69. It consists of a glass cylinder 4.75 cm. 
diameter and 16.26 em. high. An overflow tube passing through the 


1 Jour. Amer. Ceram. Soc., II, p. 481, 1919. 
2 Schurecht, H. G., Jour. Amer. Ceram. Soc., III, p. 731, 1920. 
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bottom, extends 10.25 em. upward inside the cylinder. Under the 
cylinder is placed a special burette graduated with reverse reading to 
measure the overflow from cylinder. A brass spoon for immersing the 
test-piece is suspended by means of a hook from the top of the cylinder, 
and extends to ¢ inch from the bottom. 

To operate, the cylinder is filled with liquid (water or kerosene) to 
level of overflow. The spoon is then removed and after placing test- 
piece on it, it is lowered into cylinder. This causes the liquid to over- 


Copper Wire 


Fic. 69.—Direct reading overflow volumeter. (Schurecht, Jour. Amer. Ceram. Soc., 
III, 1920.) 


flow, until its level drops to that of the overflow opening. The volume 
of liquid which runs into the burette is noted and this gives the volume 
of the test-piece. The method is rapid and accurate. 

Crawford method.—The following method has been suggested by 
Crawford ? to obviate the necessity of soaking in kerosene. 

Some extra briquettes are made, weighed dry and saturated with 
kerosene. Their bulk specific gravity may be determined by one of 
the following methods: 


Dry weight 


Bulk sp. gr. = — (By volumeter). 
Volume 
Dry weight X sp. gr. kerosene __ . _. 
Bulk sp. gr. = ———— E ae aes a (Weighing method.) 
Saturated weight — suspended 
weight 


The bulk specific gravity figure obtained as above is then used in 


’ Jour. Amer. Ceram. Soc., V, p. 394, 1922. 
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the formula given below, for determining the volume of additional 
dried bricklets of the same clay, or even of fired samples. 


Dry weight 


Volume = ; a 
Bulk specific gravity 


The particular advantage is that it reduces weighings and obviates 
necessity of soaking in kerosene and then evaporating the latter.! 

Mercury volumeter.—This instrument is of somewhat? different 
type from others used in that mercury instead of kerosene or water are 
used. The apparatus (Fig. 70) consists of a “ burette which may be 
lowered by means of a rack and pinion. 
To the lower end of the burette there is 
a rubber tube attached which connects 
at the other end with the reservoir. 
This reservoir is at a fixed point, level 
with the bottom of the burette when 
raised to its highest point and is 
partially filled with mercury. The vol- 
ume is obtained by placing the briquette 
in the reservoir, causing a rise in the 
level of the mercury in both limbs of 
the ‘U’ tube. The burette is then ae 
lowered until the mercury has resumed 1 
its former level, this movement being the 
measure of the volume which is read 
directly from the graduations on the 
burette.” 

The advantages claimed are no 
soaking of briquette in kerosene neces- oe, 
sary, nor draining of briquette or hquid. —f——},-— 

By mess of Teacing, eboad Bude: Fia. ena mercury vol- 
curacy. The disadvantages are: Initial | ctor, Ciair eames ne Cerarnt 
cost of mercury, tendency of latter to Soc. IV, 1921.) 

remain in small holes or cracks of test- 

piece though readily shaken off, and slight difficulty in obtaining 
readings for the first dozen determinations made with the apparatus. 

Volumeter for air determination.—Figure 71 shows a simple type of 
volumeter designed by H. Spurrier. To operate the apparatus test- 


leo? 6 


y. 


1 See also Washburn and Bunting, Jour. Amer. Ceram. Soc., V, p. 394, 1922. 
2 Goodner, E. F., Jour. Amer. Ceram. Soc., IV, p. 289, 1921. 
3 Jour. Amer. Ceram. Soc., II, p. 490, 1918. 
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pieces are used which can be placed in the bell of the funnel. In a one 
liter beaker put 800 c.c. of water and boil for some time. The funnel 
with stopcock open is placed in beaker, and by means of a rubber tube 
attached to inverted tip of burette cock, water is sucked up until it fills 
apparatus to bore of cock. Close 

od BORE (APPROX) cock. Raise bell high enough to 

AND TAI place. test-piece in water. As 
clay slakes evolution of air goes 

on and collects in upper part of 

burette, so that its volume can 

COCK DOWN INZCC, EACH[= be measured. The percentage 
TENTH LINE TO BE MARKED volume of air is calculated on 


Hoe ie basis of volume of the test-piece 
used. 
PoRosITY 
{ The porosity of a clay may 
be defined as the volume of the 
porespace between the clay par- 
Ae ticles, expressed in percentages 
Fic. 71.—Spurrier’s apparatus for determi- of the total volume of the clay, 
nation of air in clay. (Jour. Amer. Ceram. and depends on the shape and 
Soc., II, 1919.) size of the particles making up 
the mass. 

In raw clays the pores are all open although some of them may be 
exceedingly small. 

In fired clays the pores may be of variable size, but are of two types, 
open and closed. The volume of the latter which form by the expansion 
of liberated gases during fusion cannot be directly measured. There 
is no doubt also that pores may vary greatly in their shape. 

Effect of porosity.—In the raw clay the possible rate of safe drying 
depends on the amount of water absorbed and the facility with which 
it can escape; large pores permitting the water to escape rapidly. 
Small pores, on the other hand, retard both the absorption and evapora- 
tion of the water. 

Porosity! has an important bearing upon the strength of a fired 
clay body, its behavior as an absorbent, and its resistance to weather- 
ing, shock, abrasion, erosion, slagging, temperature strain, discoloring 
agents, efflorescence, chemical attack by gases and liquids, and the 
destructive action of fungus growths,” as well as its effect on certain 


NOTE- 


TO BE RDU ED FROM 


<4 O.D. APPROX. 


1 Washburn, E. W., Jour. Amer. Ceram. Soc., IV, p. 916, 1921. 
* Scott, F., Brit. Clayw., XVIII, p. 138, 1920. 
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properties such as bulk density, dielectric strength, permeability, and 
thermal and electrical conductivity. 

While the amount of pressure on a plastic mass does not seem to 
affect the porosity of the unfired clay, there will of course be a difference 
in a clay pressed plastic and dry pressed, and this will also show in the 
fired material, when both are heated to the same temperature. Thus 
in the case of some briquettes made of Canton, Ohio, shale and fired to 
1030° C., the porosity was 22.8 per cent for the dry-pressed, and 16.8 
per cent for the plastic-molded. The per cent porosity also decreased 
very rapidly with an increase in temperature for the plastic-molded 
ones, becoming practically 0 per cent at 1150°C., while the dry- 
pressed pieces at this temperature still showed nearly 5 per cent 
porosity.! 

Parmelee ? found little difference, however, in the porosity of a clay 
fired to cone 6, and molded with pressure ranging from hand to 50,000 
lbs. per square inch. 

Porosity and vitrification Purdy * and others have called attention 
to the fact that the porosity-temperature relation in burning serves as 
an important criterion for determining the commercial use of the clay. 
Figures 72 and 73 show a series of curves constructed by Purdy on the 
basis of his study of Illinois clays. While these curves are very sugges- 
tive they must of course be regarded as approximate. 

It is evident that decrease in porosity shows the progress of hardening 
and vitrification in the material during firing. Clays showing a sharp 
drop in porosity, due to sudden fluxing action vitrify rapidly, and where 
a rise in the porosity curve quickly succeeds the drop in porosity, it 
indicates a short firing range. Changes parallel with the porosity, 
occur in the specifie gravity (q. v.). 

Fluxes, of course, affect the porosity since they tend to promote 
vitrification.* 

Types of porosity—Two types of porosity are recognized, viz.: 
true and apparent. 

The true porosity would represent the volume of the open plus the 
closed pores. 

The apparent porosity is that expressed by the volume of the open 
pores. 


1 Bleininger, A. V., and Montgomery, E. T., U. S. Bur. Stand., Tech. Pap. 22, 
and Bleininger, Trans. Amer. Ceram. Soc., XV, p. 570, 1913. 

2 Jour. Amer. Ceram. Soc., XVI, p. 195, 1914. 

3Tll. Geol. Surv., Bull. 9, p. 270, 1908. 

4 See Bleininger and Moore, Trans. Amer. Ceram. Soc., X, p. 318, 1908; Keele, 


ibid., XIII, p. 731, 1911. 
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Determination of porosity.—Apparent porosity may be determined 
by the following formula, when weighing the test-piece in water. 


_ (W — D)100 
sae 


NM st 


POROSITY EXPRESSED IN PERCENTS 


0.10 .08 .06 04 02 1 3 5 7 9 11 
TEMPERATURES EXPRESSED IN CONES 


Fic. 72.—Differentiation of fire clays on basis of porosity changes. (Purdy, III. 
Geol. Surv., Bull. 9, 1908.) 


I. Area of clays suitable for first-class pavers; II. Area of clays not suitable for first-class 
pavers, but good for vitrified front brick and hollow block; III. Area of clays with short heat 
range, and suitable only for porous products, as common brick, and porous hollow ware; IV. Area 
of clays unsuited for manufacturing purposes. 


W = weight of the saturated briquette; 
D = weight of dry briquette; 
S = weight of saturated briquette suspended in water. 


Closed pores should be expressed in terms of true clay volume. 
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The calculations given in tentative specifications of the American 
Ceramic Society are as follows: 


Dry wt. in grams : 
——— = rue clay volume 1 6.c; 


True sp. gr. 


POROSITY EXPRESSED IN PERCENTS 


0.10 08 .06 04 02 1 3 5 7 9 11 
TEMPERATURES EXPRESSED IN CONES 


Fig. 73.—Curves showing changes in porosity of paving and building brick clays 
with progressive intensity of heat treatment. (Purdy, IIl. Geol. Sury., Bull. 9, 
1908.) 


Saturated weight in grams — dry weight in grams = open pores in 


c.c, 


Open pores in per cent | _ Sat. wt. in grams — dry wt. in grams 


true clay volume True clay volume in ¢.c. 


Closed pores in Dry wt. 


per cent true 
clay volume 


= Dry wt. ingrams — susp. wt. in grams —,~ 
True sp. gr. 


True clay volume. 
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D 
D—-S— 7 
or, per cent closed pores = D 
a6 
D = dry weight; 
T = true specific gravity; 
S = saturated weight. 


In making any tests involving the saturation of the test-piece this 
may be done by soaking it for twenty-four hours in water, and then 
in boiling water for one hour. 

A formula given by Searle! for true porosity is: 


Ww 
P= 100(1 = a 


P = true porosity in terms of per cent by volume; 
W = weight of dry sample; 

V = volume of sample; 

S = specific gravity of powder. 


Purdy ? suggests the following formula for determining the volume 
of sealed pores: 


Sealed pores = € ) 00 
where T is the true specific gravity and A = apparent specific gravity. 

Method of submersion.— Washburn ® claims that the ordinary immer- 
sion method has been shown to be unreliable, and so too is simple 
immersion in low vacuo. Furthermore, depending upon the humidity of 
the atmosphere, adsorbed water may cause errors up to 2 per cent in 
the porosity value. He points out that perfectly dry fired clay will 
remove water from conc. H2SO4 and from fused CaCle. 

He also states one hour boiling failed to saturate completely. Con- 
tinued boiling, he points out, shows that the saturated weight increases 
linearly with the time, even though appreciable quantities of dissolved 
matter are removed from the test-piece by hot water. This Washburn 
claims is due to gradual and continuous rehydration of the clay by the 
hot water, The error from this factor may amount to as much as 3 


1 Chemistry and Physics of Clays, p. 83. 
2 Jour. Amer. Ceram. Soec., XI, p. 60, 1909. 
3 Jour. Amer. Ceram. Soc., IV, p. 961, 1921. 
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per cent, and that from dissolved materials to as much as 2 per cent, 
during a three hours’ boiling.! 
The following figures are given by Washburn: 


INFLUENCE oF ATMOSPHERIC Humripiry on ‘‘Dry Wericut’’ or Cray Boptss. 
PERCENTAGE OF GAIN IN WEIGHT ON STANDING 


PERCENTAGE GAIN IN WEIGHT ON STANDING 


Draw- 
ing After After After After After After After 
temper- 24 hours | 24 hours | 24 hours | 48 hours | 72 hours | 96 hours | 120 hours 
ature |0 per cent/33 percent] 100 per | 100 per | 100 per | 100 per | 100 per 
saturated | saturated |cent satu-/cent satu-lcent satu-|cent satu-|cent satu- 
air air rated air | rated air | rated air | rated air | rated air 
950°C.| 80.370 0.071 0.27 0.32 0.42 0.44 0.46 
1050°C.| 84.061 0.080 0.57 0.87 0.97 1.08 iL 12 
1150°C.| 83.149 0.008 0.02 0.05 0.05 0.06 0.07 


CoMPARISON OF THE ‘‘BormiING-IN-VAcuo”’ AND THE ‘ BorinG-In-AIR”? MErHops 
FOR DETERMINING THE Porosity oF BURNED CuAy BoprEs 


8 sZs a g 
> ba! Cos) SH :S S ss Cx a 
F a | we |2 | 82/88/38 le | 8/2 
3 s | .& Sees eee ae ego's) | > S| Sal eule 
Fs &0 ‘S d BS ° gee || ees | So © S lines. 
ee eee ee ae ee pol a le oS 
Peas 4 S| SS ete ecole 8 aoe 
2 ® | @g [eel escola | ¢23)/28)/ e258 | sees 
Ae 2 S5. | Sl eee Meal eee eee sels | Sess 
z F mS | OS | was lS-s| SH] SP lmHSs Ss] aloes 
Ss p> Od |gF| Saale & C8p| yo) SSB s lym 5 l|PSs 
A Ale a |e Seba dee atl We a= <a |8 |Ag 
950°C. |80.41 |191.306]26.0 |101.329/0.03]100.695|25.2 |101.2720.7 |25.9181.757 
1050°C.|83.914|102.730/22.4 |102.763/0.04]102.211]21.8 [102.8010.7 |22. 584.187 
1150°C.|84.33 | 89.876] 6.59] 89.957/0.69] 89.318] 5.91| 89.84910.6 | 6.584.443 


The rehydration of a briquette fired at 1050° C. is illustrated by the 
following figures given by Washburn. 

Dry weight after heating to 1000° and cooling in high vacuo 81.265 
grams. 


1 For data on the amount of saturation obtained by different kinds of immersion 
see Beecher, C. E., Trans. Amer. Ceram. Soc., XVIII, p. 73, 1916; Walker, F. W., Jr., 
ibid., XVIII, p. 446, 1916; Ries, H., ibid., EX, p. 699, 1907; Purdy and Moore, ibid., 
IX, p. 211, 1907. 
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Increase in weight (expressed in per cent of dry weight) produced by: 


Standing 12 hours over calcium chloride............. 0.04 
Standing) /2shoursover water-n=eeeeee 0.47 
Standin ey 92 shoursrover we celeritete ene era 0.53 
Boiling 24 hoursim water at LOO 2 Coe eee err 22.40 
Boilineecshourssm sweets an 0ic Cerne terete 22.60 
Boiling 456 hours in water at 100°C...............- 22.90 
LOSS Of Cissol vedemmatieriall were eye erate tetas teeter 0.36 
The above treatment followed by drying in vacuo, 

1 10 © 2S VN Ours Ben eee een ee epee ee 0.91 
Busts terialedissolyeclevey mts e tetera te et nee a) 7 
The above treatment followed by two ignitions at 

red heats ease hie eee ON ere eee 0.20 


Washburn ! recommends that some petroleum product be used as 
an immersion liquid instead of water, expressing preference for vase- 
line, which has a high fluidity when hot. The use of this he claims 
has the following advantages: 1. Absence of slaking action on raw 
clay; 2. Little, if any, solvent action on the constituents of the body; 
3. No tendency to combine chemically with the constituents of the 
body; and 4. Much less tendency to be adsorbed on the surface. The 
following three sets of figures are given by him: 


DETERMINATION OF PORE VOLUME IN C.C. WITH WATER AND VASELINE 


With With Difference, 
water vaseline per cent 
IBTIQUe the Unt meets 8.22 8.40 2.2 
IS}OGPUAND Plinc oc ooscor 9.22 9.41 2.7 
Porous: tileseacsees eee 4.48 4.54 1S 
ee 


Porosimeters.—The porosity of clay bodies may be determined with 
an apparatus known as the porosimeter, in which either the liquid 
absorption or the principle of gas expansion may be used. 

Seger volumeter.—The porosity of the clay in either its raw or burned 
condition may be determined by means of a Seger volumeter described 
under Shrinkage. The porosity percentage is determined by the formula 


g 
Pes 
Sai 
= volume of wet test-piece; 

g = difference in weight between dry and saturated test-piece 
or the weight in grams of oil absorbed; 
= specific gravity of oil. 
1 Jour. Amer. Ceram. Soc., IV. p. 983, 1921. 


P x 100, 


_ 
| 


in which 


7) 
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In testing the porosity of burned wares distilled water can be used. 

Gas-expansion porosimeter.—In this a gas instead of liquid is used 
to fill the pores of the test-piece. The amount of gas is determined by 
measuring the change of pressure which accompanies a definite increase 
in volume. 

It is then possible to calculate either the solid or pore volume of the 
test-piece. 

Bulk volume is determined by direct measure- 
ment of liquid displacement. 

Washburn and Bunting porosimeter.—The prin- 
ciple of this depends on allowing the gas which fills 
the pores of a body to expand into a measured 
volume, and measuring the accompanying fall of 
pressure.! 

It is claimed that the results obtained by this 
method are in all cases higher, and sometimes much ) 


higher than those obtained by methods of liquid 

absorption. ‘The porosimeter (Figs. 74,75) consists 

of a porosity bulb, A, connected by an impervious ih 

rigid-walled flexible tube, Ff, to the burette, B, 

which is provided with a movable reading arm, D. 

The burette is of uniform bore and is accurately | 
J 


graduated in centimeters and millimeters. Its in- 
ternal cross section should preferably be chosen 
so as to be close to one square centimeter or some (| 


F 


even multiple or submultiple thereof.” 

“The porosity bulb shown in detail in Fig. 75 

consists of a vessel just large enough to admit an 

; : : and Bunting  poro- 
unfired test-piece of standard dimensions. The hooks Heels ta henpet Goree 
on the outside allow the cap to be held tightly in Ceram, Soe.,V, 1922.) 
place by means of rubber bands or spring clamps. 
The small projections on the inside of the cap are for the purpose of 
preventing the closure of the outlet tube by the test-piece as it is lifted 
by admission of mercury.” 

“The cap and both stopcocks must be well ground and fitted so 
that the bulb will hold a vacuum for at least 15 minutes without leakage 
greater than the equivalent of 0.1 mm. of mercury.” 

“The piece FR is a solid glass rod, called the reference piece, whose 
volume Vr, is accurately determined by weighing it suspended in a 
liquid.” 

1 Washburn, E. W., and Bunting, E. N., Jour. Amer. Ceram. Soc., V, p. 113, 
1922. 


Fig. 74.— Washburn 
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“ Clean the porosity bulb and burette. Lubricate all ground joints. 
Connect the apparatus as shown in Fig. 74, and wire each connection 
tightly. Place in the porosity bulb the reference piece &, whose volume 
Ve = (1— s)Va, where Va is the bulk volume of the test-piece, and s 
is the maximum fractional shrinkage which must be provided for. 
Place the cap on the porosity bulb and secure it. Then raise the burette 
until its zero mark is on a level with stopcock 1. Open both stopcocks 
and pour clean mercury into burette until porosity bulb is full.” 

The determination of volume of porosity bulb 
need be made but once, and as follows: ‘“‘ With 
reference piece in place and both stopcocks 
open, raise the burette until mercury just fills 
porosity bulb up to and into stopcock 1. Close 
both stopcocks and lower the burette until the 
mercury surface is approximately level with 
the mark C (Fig. 74). Read the burette Ry. 
Open stopcock 2, and lower the burette until the 
mercury level in the porosity bulb coincides with 
mark C. Close stopeock 2 and raise the 
burette until the mercury surface is again ap- 
proximately level with the mark C. Read the 
burette Re. 

The difference between the two burette 
readings, M2 — Ri, is the free volume Vy, of 
the porosity bulb when it contains the ref- 


Fie. 75.—Porosity bulb 


erence piece.” 
of Washburn and Bunt- “oO t het Ar tI f 
ae ee Meroe pen stopcock Il and remove the reference 


Amer. Ceram. Soc., V, Piece. Open stopcock 2 and again raise the 

1922.) burette until the mercury level stands approxi- 

mately at its zero mark. Close stopcock 2, 

lower the burette until the mercury surface in it is on the level of mark 

Cand read again, 3. Now pour out the mercury in the porosity bulb 

until the level falls to mark C. Collect and weigh this mercury, /,, 

grams. 

“The volume V1 of the porosity bulb may now be computed, in 

burette, scale units, from the relation 


“r( Re tale R3)Dm 
Mian 


7 ‘ J 
V = Vr 


where D,, is the density of the mercury at the room temperature pre- 
vailing.”’ 
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To determine porosity. ‘‘ With the test-piece in place raise the bur- 
ette until the mercury fills the porosity bulb up to some point within 
the bore of stopcock 1. Read the burette Ro. Then close stopcock 1. 
Lower the burette until the mercury level in the bulb stands at mark C. 
Clamp the burette, set the reading arm on the level of the mercury sur- 
face at C and read its position on the burette R’,. Then read the posi- 
tion of mercury surface in burette R’,. Adjust until mercury level at C 
remains constant. 

“When R’. and R’,, have been determined, close stopcock 2 and raise 
the burette until the mercury level in it is approximately level with 
mark C and read the burette R. 

“The per cent porosity is computed from the relation 


eo err lo a le,) | reea= 00) 
100 (R’, — R’n + A)[V — (R —Ro)] 


“The small capillary depression correction A, is a constant for a given 
apparatus and may be determined as follows: With both stopcocks open 
raise the burette until the mercury stands at mark C. The difference in 
the two mercury levels is the quantity A.” 

The principle used by Washburn and Bunting! has been employed 
also for making a porosimeter suitable for testing brick.? 

Navias * devised a stronger type, which also involved direct pore 
volume reading. The bulk volume still has to be determined in a sep- 
arate apparatus. 

MacGee direct-reading gas expansion porosimeter.—The apparatus,* 
Fig. 76, consists of the following parts: £B, container for sample, about 
43 inches long and 1} inches internal diameter, with exactly 100 c.c. 
volume from A-Z; C, an ordinary 100 c.c. burette, with 100 ¢.c. mark at 
Z; D, burette of about 200 ¢.c. capacity, and lower 100 ¢.c. calibrated; 
E, meter stick calibrated in millimeters for measuring pressure differ- 
ences in C and D; G, flexible metal-covered rubber tube. 

Operation.—Put sufficient dry, clean mercury in apparatus to cause 
levels to stand at Zand F/. Place sample in B, and clamp on cover with 
rubber bands. Open stopcock A. Raise D until mercury level in C 
is at Z. Close stopcock. Lower D until pressure difference between C 
and D is one-half of atmospheric as read on L, Read burette C, this 


1 Jour. Amer. Ceram. Soc., V, p. 535, 1922. 

2 Bole and Jackson, Brick and Clay Rec., LXI, p. 314, 1922, and Pressler, E. E., 
Jour. Amer. Ceram. Soc., VII, p. 154, 1924. 

3 Jour. Amer. Ceram. Soc., VIII, p. 816, 1925. 

4 Jour. Amer. Ceram. Soc., [X, p. 814, 1926. 
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being the solid volume S of test-piece. Open stopcock. Raise D, this 
reading being bulk volume b of test-piece. 


Porosity in per cent = “ x 100. 
dry weight of test-piece 


The apparent specific gravity = ; 
solid volume 


Porosimeter for bricks.—Washburn and Bunting first described 
an apparatus for determining porosity of full-sized brick by the air- 
expansion method. 

Later a more convenient apparatus was developed by Bole and 
Jackson.! Pressler ? at a still later date designed an all-metal apparatus. 


Ground joint 


iad 


Fra. 76.— MacGee’s porosimeter. Fia. 77.—MacGee porosimeter for bricks. 
(Jour. Amer. Ceram. Soc., LX, 1926.) (Jour. Amer. Ceram. Soc., IX, 1926.) 


Still another type has been described by Hartman, Westmont and Mor- 
gan,® which is said to add considerably to the precision of values ob- 
tained on badly distorted brick. 

An apparatus described by MacGee * is intended to eliminate the 
use of a vacuum pump required for the others. It is shown in Fig. 77, 
in which: A, represents a container of rolled steel plate slightly larger 
than a standard refractory brick. A cover of steel plate is clamped on 


1 Brick and Clay Rec., LXI, p. 314, 1922. 

* Jour. Amer. Ceram. Soe., V, p. 154, 1924. 
3 Jour. Amer. Ceram. Soc., IX, p. 298, 1926. 
4 Jour. Amer. Ceram. Soc., IX, p. 819, 1926. 
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with wingnut bolts, and made air-tight with a rubber gasket. B is an 
expansion bulb with about 250 ¢.c. capacity; C is a leveling bulb; 
D, a meter stick; x; the manometer y is of glass tubing of 5 mm. internal 
diameter; w is heavy-walled rubber tubing; z is capillary glass tube. 

Place sufficient mercury in leveling bulb C to fill B to the mark K. 
Put brick in A and clamp on cover. 

To operate: 1. Raise C until mercury in B is at level K. Close 
valve. 2. Lower C until mercury stands at level L. 3. Read pressure 
difference between x and y on D. The reading, FR, of D (as determined 
under 3 above) is subtracted from the barometric pressure in order to 
obtain the pressure P after the expansion process described under 1 
and 2 above. 

DoS Bb 
= 
B is volume from K to L. 
Solid volume, s, of test-piece = A — a. 
A is volume of the sample container. 


Air space a,in A = 


v—s 
Porosity in per cent = —— X 100. 
v 


The bulk volume, v, of brick is determined by direct measurement 
with a meter stick, the average of several readings in each dimension 
being taken. 

For apparent specific gravity divide w (dry weight of brick) by solid 
volume. 

SPECIFIC GRAVITY 


The specific gravity of a clay may be expressed in three different 
ways, as follows: 


1. Apparent specific gravity, which represents the ratio of the volume 
of the solids plus the volume of the closed pores to an equal volume of 
water. 

2. Bulk specific gravity, representing the ratio of the entire volume 
of the material, including solids, closed, and open pores, to an equal 
volume of water. Searle ! suggests calling this the apparent density. 

3. True specific gravity, or the ratio of the solid material, exclusive 
of closed or open pores, to an equal volume of water. In order to 
eliminate any closed pores, the true specific gravity should be determined 
on a powdered sample. 

Factors influencing specific gravity.—The true specific gravity of a 
raw clay will be influenced by the minerals which it contains in abun- 


1 Chemistry and Physics of clays. 
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dance, and yet the specific gravity of these varies but little as can be 
seen from the following figures: Kaolinite, 2.6; quartz, 2.65; feldspar, 
2.55-2.75; muscovite, 2.76-3.0; biotite, 2.7-3.1; calcite, 2.71. 

The apparent and bulk specific gravity of dry unfired clay will be 
affected both by its porosity and the true specific gravity of the minerals 
composing it. 

In fired clays the true specific gravity is affected by at least four 
factors, viz.: 1. Inversion of silica; 2. Fusion; 3. Chemical reactions; 
and 4. Crystallization. 

The apparent and bulk specific gravity are affected by all four of 
these, and in addition by porosity and the formation of “ blebs.” 

Use of specific gravity——Specific gravity is of value for determining 
the weight of a raw clay per unit volume. 

It also serves as an index of the process of vitrification taking place 
during firing.! 

The specific gravity may furthermore be of service in determining 
the correct consistency of a slip, indicating whether it is too thick or 
too thin. 

Specific gravity of clay—A number of true and apparent specific 
gravity determinations by different writers are given below: 


Speciric GRAvITY Or Raw Ciay 


IN@Wad CLS ya Sine 7 orn ee eee 2.34-2.84 
Towels fttec nes ete en ae ar 2.32—2 .64 
Migegtr i, Serene aay, eee ee | 1.66-2.60 
New: Jerseynl s,s ae eres ee | 80-2 .60 


* Ries, H., N. J. Geol. Surv., Fin. Rept., VI, p. 114, 1904. 

+ Beyer, 8. W., and Williams, I. A., Iowa Geol. Surv., XIV, p. 116, 1904. 
t Wheeler, H. A., Mo. Geol. Surv., XI, p. 562, 1896. 

§ Smock, J. C., N. J. Geol. Surv., Rept. on Clays, 1878. 


Some of the recorded specific gravities noted above fall considerably 
below the average of the common minerals found in clay, which may 
be due to the method of determination used. 

This no doubt explains the lower values obtained by Wheeler and 
Smock, as the method used by them consisted in coating a lump of clay 
with paraffin so that it could not slack in water, and then determining 
the suspended weight of this lump in the liquid. This is really the bulk 
specific gravity, 


1 Purdy, R. C., Ill. Geol. Surv., Bull. IX, p. 133, 1908; Bleininger and Moore, 
Trans. Amer. Ceram. Soc., X, p. 293, 1908. 
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The differences obtained by the two methods have been well brought 
out by a series of tests on West Virginia clays given below: ! 


APPARENT AND TRUE Sprciric GRAVITY OF ChAys 


Real specific gravity 
Apparent 
Clay specifie Porosity 
Bravany Calculated Byam 
eter 
Point: Pleasant River clay........ sas 30.2 2.51 
panpocsville clayey as ke. 6 eee 1.68 29.1 2.37 
WlarksiourgGliyes. - - 1. ta nee He 1.92 23.8 2.52 
Morgantown shale..¢............ 1.86 25.0 2.49 
Morgantown shale............... 1.88 26.1 2.53 
Bridgeport pottery clay.......... I 25.1 2.35 
sthornton plastic clay............ 1.84 23.6 2.41 
sihfornton tlinticlayen.. se... 1.94 25.8 2.61 
Hammond fimt clay.°--..-...... eal 26.5 2.34 Du 
Charlestown River clay.......... 1.88 29.4 2.66 2). 61 


Apparent specific gravity of powdered clay.—VWeigel ” in referring to 
the use of clay as a filler, says: 


“The apparent specific gravity or weight per unit volume of the dry pulverized 
clay is a property whose value, as determining the best use of the clay, is doubtful. 
Tt is a measure of the fluffiness or packing qualities of the powdered clay under its own 
weight. It apparently has no relation to the other physical properties, with the 
exception of oil absorption.’’” The figures obtained show that to some extent the 
oil absorption varies inversely as the weight per unit volume. 

“The apparent specific gravity of the powdered clay ‘‘was determined by a Scott 
volumeter, which consists of a series of small glass baffles, one above the other, set 
at such an angle that the powdered clay will slide freely from the lower edge of one 
to the top of the other. The clay, dried at 105° C., and then cooled under atmos- 
pheric conditions, is fed into the top baffle through a 20-mesh screen to break up 
any lumps. The bottom baffle discharges into a short funnel, under which is a cubi- 
cal measure holding exactly 1 cubic inch. The measure is allowed to fill completely 
and run over. It is then struck off with the edge of a stiff spatula and weighed.” . 


Specific gravity changes on firing.—It has already been pointed out 
that the specific gravity of a clay may change on firing.? 

1W. Va. Geol. Surv., p. 65, 1906. 

2U. S. Bur. Mines, Tech. Pap. 243, 1925. 

3 For information on the specific gravity of fired clays see: Md. Geol. Surv., XI, 
Pt. II, 1922; Ill. Geol Surv., Bull. 9; Jour. Soc. Glass Technol., IV, p. 162, 201, 
265 and 397, 1920; Trans. Amer. Ceram. Soc., X, p. 273, 313 and 360, 1908; 
XV, p. 71, 1913; U.S. Bur. Mines, Tech. Pap. 233, 1920; U.S. Bur. Stand., Tech. 
Pap. 22; Jour. Amer. Ceram. Soc., V, p. 278, 1922; Jour. Frank, Inst., CLXXXIII 
p. 127, 1917; U.S. Bur. Stand., Tech. Pap. 227, 
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Clays may show a slight increase in true specific gravity af 
dration, but above that both the true and apparent specific ¢g 
general decrease. 

Bulk specific gravity in fired clay is less than apparent, and i 
increases up to vitrification, but decreases beyond this point. 

The slight increase that has been noticed around the deh 


Upper im: 
are limit for N; 
O 


25 


2.4 


2.3 


SPECIFIC GRAVITY 


2.2 


21 


0.10 08 .06 04 .02 1 3 5 7 
TEMPERATURES EXPRESSED IN CONES 
Fria. 78.—Curve showing changes in specific gravity (apparent), of paving 
ing brick clays with progressive intensity of heat treatment. (Purdy, 
Surv., Bull. 9, 1908.) 


temperature has been thought by some to be due to a chang 
constitution of the kaolinite molecule.! 

Most silicates increase in volume on fusing, and this woulc 
decrease the density on firing. Thus feldspar in its crystall 
gave 2.611, and fused 2.467. 

Changes in volume may also be brought about by inver: 
from quartz to tridymite (2.654 to 2.326), and by changes in pore 
Crystallization, as the formation of mullite, has been advanced a: 
reason. ‘The presence of fluxes, since they promote fusion, we 
tend to reduce true and apparent specific eravity. 


Green and Theobald, Trans. Ceram. Soc. (Eng.), XXIV, p. 129, 
Knote, Trans. Amer. Ceram. Soc., XII, p. 226, 1910. 

* Green and Theobald, Trans. Ceram. Soc. (Eng.), XXIV, p. 129, 
Laurent, Ann. Chim. Phys., II, p. 66 and 96, 1837; Rose, Pogg. Ani 
p. 97, 1845; Brogniart, Traité des arts eéramique, I, p. 283 and 720, 1877. 
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It is also asserted! that the more rapid the fall in specifie gravity 
during firing, the more rapid will be vitrification, and the shorter the 
vitrification range. Purdy suggests the use of apparent specific gravity 
curves to indicate the behavior of a clay during firing (Fig. 78). 

Specific gravity determinations of fired clays.—A number of specific 
gravity determinations of fired clays have been published, but the series 
is usually incomplete so far as temperature range, and the determination 
of all three types of gravity are concerned. 

The following table gives the true specific gravity of ten clays heated 
from 200° C. to 700° C.? 


TRUE SpeciFIc GRAVITY OF SEVERAL CLAYS AFTER HeEatina 4 To 6 Hours 
AT INDICATED TEMPERATURES 


Clay 200° | 400° | 450° | 500° | 550° | 600° | 650° | 700° 
North Carolina kaolin...| 2.60 | 2.570) 2.480} 2.440) 2.480} 2.485} 2.490] 2.490 
Georgia kaolin......... 2.60 | 2.580) 2.520) 2.460) 2.485} 2.490} 2.500) 2.490 
Tennessee ball clay..... 2.65 | 2.640] 2.630) 2.530) 2.590) 2.600} 2.590} 2.600 
Ohio fireclay... ......- 2.72 | 2.720) 2.710) 2.570) 2.580) 2.580} 2.580) 2.580 
Maryland fire clay......| 2.69 | 2.685| 2.650) 2.570) 2.610) 2.605) 2.615) 2.615 
Maryland flint clay..... 2.62 | 2.600) 2.550) 2.475) 2.500} 2.530) 2.560) 2.580 
Whroshalewernis ce oe so: 2.79 | 2.750) 2.730| 2.720) 2.710) 2.700) 2.710) 2.710 
tilimoistshale.- ys .2. 2. +: 2.74 | 2.750) 2.750) 2.730) 2.715) 2.715) 2.700) 2.705 
Ohio surface clay....... 2.755) 2.765) 2.730) 2.700) 2.690) 2.690) 2.670) 2.675 
Georgia surface clay. ...| 2.625] 2.650) 2.565) 2.555) 2.595) 2.610) 2.615) 2.625 


Worcester gives the apparent specific gravity * of a series of roofing- 
tile clays heated from cone 010 to cone 5. In all of these the apparent 
specific gravity in general decreases. In those showing a reduction 
which is moderate in amount, and occurring sufficiently late in the 
firing, the vitrification range is regarded as wide and safe. In those 
of unsafe vitrification habit, the reduction is large and rapid. Two 
examples of each group are given below: 


APPARENT Spreciric GRAVITY CHANGES IN Roorina TILE Cuiays 


Cone DIOMM OSE | ROCF IE OLE RO2 ai tenia pet Meo | ett 5, 
Aen 2.68} 2.69] 2.68] 2.67] 2.57] 2.62] 2.53] 2.54| 2.51] 2.35 
ce ECRUOR |S 50) 2.53/730821°2.50| 2 48) 2.45) 2.45) 2.44 2.49] 2.13 
iti 2.60| 2.58] 2.55] 2.58] 2.52] 2.42] 2.50] 2.32] 1.93] 1.73 
So  VMICAMOn- 1) 5 61) 2.54| 2.62.2259| 2-63] 2.51| 2.35) 2.27] 1.15] 1.20 


1 Bleininger and Moore, Trans. Amer. Ceram. Soc., X, p. 313, 1918. 

2 Brown, G. H., and Montgomery, E. T., U. 8. Bur. Stand., Tech. Pap. 21, 
p. 14, 1913. 

3 Ohio Geol. Surv., 4th Ser., Bull. 11, p. 122, 1910. 
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The table below gives a comparison of changes in porosity, volume, 
apparent and bulk specific gravity of two Maryland plastic fire-clays.! 


Crances In Butk Speciric, Erc., on Heatine, or Some Maryann Ciays 


penmperscare 1150°| 1200°|1250°|1275° 

@ GvieG: C. C. C. C. 
Porositviae accuses eke QPESA22eOR OI eos Gnle Oe On mone m imi: 
Volume of shrinkage...... SO Seon Oe 20 ese iiveon Gea Lom. 
Apparent specific gravity. .| 2.52] 2.51) 2.42) 2.44) 2.32) 2.29) 2.2 
Bulk specific gravity...... 1.94] 1.96] 2.18) 2.21) 2.17) 2.14) 2.2 
‘Porosity scene 12S S2ES |S2e2e ates OSS alee OO) 
Volume of shrinkage...... 22.8 |28.0 |26.9 125.9 |27.6 |24.3 |19.2 
Apparent specific gravity. .| 2.44] 2.36) 2.34) 2.30) 2.29) 2.25) 2.1 
Bulk specific gravity...... 2.15] 2.29] 2.29) 2.27) 2.28] 2.18) 2.0. 


1300°| 1325 °|1350°)1375°|1400° 
C. 


C. 


In the following table giving specific gravity determinations of 
several Illinois clays, No. I is a paving-brick clay from Alton; No. I, a 
fire-clay; No. III, a fire-clay. 


True Speciric Graviry AND Porostry oF Firrep Cxays * 


| II III 

Cone True True True 
Porosity specific Porosity specific Porosity specific 
gravity gravity gravity 

010 36.9 2.69 30.8 2.64 27.0 2.62 

08 36.1 2.60 Slee 2.68 YS 2.63 

06 Som 2.68 28.5 2.76 27.0 2.64 

04 29.5 2.65 24.6 2.63 25.5 2.63 

02 24.7 2.635 22.9 2.63 22.8 2.64 

1 28.0 PA ays} 21.9 2.63 24.9 2.64 

3 20.0 2.60 14.35 2.53 24.1 2.62 

i 7.4 2.29 ODay |): eee ace 24.3 2.59 

a on 2.15 4.47 A Bh5) 20.4 2.39 

9 Den, Ut 3.97 PAPA 18.4 2.46 

i rrr Wa ects Mor adore 2 PAN Gos bry < 16.5 2.46 

| 
* Rolfe, Purdy, Talbot and Baker, Ill. Geol. Surv., Bull. 9, p. 268, 1908. 


‘Md. Geol. Surv., XI, Pt. I], pp. 17 and 22; 1922) 
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BuLK AND TRUE Speciric GRAVITY OF SOME ENGuIsH Firm Cuays * 


I ia 
Tempera- 
ture, °C. Bulk True : Bulk True . 
: : Porosity, é Porosity, 
specific specific specific specific 
é é per cent : : per cent 
gravity gravity gravity gravity 
800 172 2.60 33.7 1.68 2.40 30.0 
900 1.74 2.60 32.7 1.66 2.50 32.4 
1000 1.76 2.59 31.9 iL sae 2.50 29.2 
1100 1.87 2.60 28.1 1.85 2.53 26.5 
1200 2.07 2.56 19.1 1.96 2.55 232 
1300 2.07 2.53 18.9 Lowey 2.38 25.6 
1400 2.40 2.53 5.1 ie 2.37 33.4 
1500 ANG 2.46 12.2 1.66 2.08 34.3 
1600 1.88 2.41 22.2 1.80 2.58 30.5 


I. Lower Busty Seam, Durham, Eng. 
Il. Pot clay bed, Sheffield district, Eng. Hugill and Rees, Trans. Ceram. Soc. (Eng.), XXIV, 
p. 42, 1924-25. 


The following figures given by Houldsworth and Cobb! show the 
changes in specific gravity, etc., taking place in a kaolin when heated 
from 110° to 1000°: 


Sprcirric GRAVITY AND OTHER CHANGES ON HeEaTING KAOLIN 


Y acer : on ee Porosity, | Refractive 
ture ~C specific specific : 3 
: : per cent index 
gravity gravity 

110° 2.642 1.403 46.9 1.564 
400° 2.642 1.403 46.9 1.564 
450° Droz 1.298 48.5 1.543 
500° 2510 1.270 49.4 1.518 
550° eosilull 1.258 49.9 1.516 
600° 2.514 Zo 50.0 522 
§50° 2.529 1.252 5075 1.518 
700° 2.542 1.253 50.7 1.522 

750° 2205) 1.256 50.8 
800° 2.565 1.259 50.9 1527 
850° 2.568 1.258 51.0 1.532 
900° 2.608 1.267 51.4 1.541 
950° 2.684 1.299 51.6 1.542 
1000° 2.688 1.309 51.3 1.549 


1 Trans. Ceram. Soc. (Eng.), XXII, p. 344. 
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APPAREN’ Sprciric GRAVITY AND Porosiry CHANGES OF 
Portsmouts, O., Fuint Fire Cuay * 


Temperature, ARP aren Per cent of 
OG &P eons porosity 
gravity 
760 2.42 26.99 
830 2.40 23.91 
840 2.46 26.88 
912 2.48 26.87 
Cone 
010 2.63 29.07 
06 2.67 28.61 
04 2.68 27.98 
02 2.68 28.10 
1 alll 27.90 
3 2.65 25 .22 
5 2.61 21.32 
a 2.66 20.10 
9 2.69 19.57 
ilil 2.70 18.47 
14 2.69 19.04 


* Purdy, Trans. Amer. Ceram. Soc., X, p. 369, 1908. 


The curious feature of the above figures is that the flint fire-clay 
increases instead of decreases in its apparent specific gravity as the tem- 
perature is raised, and this is accompanied by an actual swelling of the 
impermeable solid portion. No true specific gravity determinations 
were made in connection with the above. 

Determination of specific gravity.—The apparent specific gravity is 
determined as follows: 


A. Sp. er. = ———— 
and bulk specific gravity: 


B.S. oC oe 


S 
| 


= weight of dry briquette; 
W = weight of saturated briquette; 
weight of suspended saturated briquette. 


M 
I 


Other formulae are: 
Dry weight 


Ap. Sp. gr. = 
eS Volume of mass — (saturated weight — dry weight)’ 
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ADocD gr = for use with saturating liquid other than water, 


Da 
W-S 


“a” is specific gravity of saturating liquid. 


sO 


The true specific gravity may be determined in several different ways: 

1. A non-porous solid may be weighed in air, and then weighed sus- 
pended in water. Divide the weight in air by the loss when weighed in 
water. 

2. Weigh the test-piece in grams, determine its volume in cubic 
centimeter. Divide the weight in grams by the volume in cubic centi- 
meter. 

3. Grind the sample to a fine powder and determine the true specific 
gravity with pycnometer bottle. The formula is: 


W =P 
(Wi— P) — (W2—-W) 


True specific gravity = 


P = dry weight of the bottle (Gncluding stopper) ; 
W = weight of powder and bottle; 
W2 = weight of powder, bottle, and water; 
Wi = weight of bottle, and water. 


In using, the powder is introduced dry into the bottle. After 
weighing, water is introduced to completely fill the bottle, the stopper 
inserted and the surplus water removed. If the powder contains air, 
the bottle should be put under an air pump.! 

To determine the specific gravity of a slip, this can be done by means 
of a hydrometer, or by the following formula :? 


Weight of a volume of the slip 


te Weight of an equal of water 


CoLoR OF CLAY 


Color of unburned clay._—An unburned clay owes its color commonly 
to some iron compound or carbonaceous matter, more rarely manganese. 
A clay free from any of these is white. 

Carbonaceous matter will color a clay blue, gray, black, or even 


1See also W. Hugill and W. J. Reese, Trans. Eng. Ceram. Soc., XXIV, p. 70, 
1925; Schurecht, U. S. Bur. Mines, Tech. Pap. 233, 1920. 
2 Heath and Green, Handbook of Ceramic Calculations, p. 18, 1922. 
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purplish, depending on the quantity present, 3 per cent being probably 
sufficient to produce a deep black. 

Iron oxide colors a clay yellow, brown, or red, depending on the 
form of oxide present. According to some it may also color a clay 
blue. See under iron oxide. The greenish color may be due to the 
silicate of iron, and in some clay marls of the Cretaceous it its caused 
by the mineral glauconite. The iron coloration is, however, often 
concealed by the black coloration due to carbonaceous matter, and it is 
sometimes more or less difficult to make even an approximate estimate 
of the iron content in a clay from its color. Thus, for example, two 
clays have been noted by the writer! which were nearly of the same 
color and had respectively 3.12 and 12.40 per cent of ferric oxide. 

There is often a marked difference in color between the wet and 
the dry clay, in fact such a difference at times as to make one doubt 
that they are the same material. The dry clay is usually of a lighter 
tint. 

Color of burned clay.—The color of a raw or unburned clay is not 
always an indication of the color it wili be when burned. Red clays 
usually burn red; deep-yellow clays may burn buff or red; chocolate 
ones commonly burn red or reddish brown; white clays burn white 
or yellowish white; and gray or black ones may burn red, buff, or white. 
Green ones usually change to red on firing. Caleareous clays are often 
either red, yellow, or gray, and may burn red at first, but turn cream, 
yellow, or buff and, as vitrification is approached show a greenish yel- 
low color. 

An excess of alumina seems to exert a bleaching effect similar to 
that of lime. 

The vitrification of ferruginous clays yields browns, greens, and 
blacks, due to the formation of ferrous silicates.” 

Seger states that the colors which a burned clay may show depend 
on: 

1. The quantity of iron oxide contained in the clay. 

2. The other constituents of the clay accompanying the iron (see 
Alumina and Lime). 

3. The composition of the fire-gases during the burning. 

4. The degree of vitrification. 

5. The temperature at which the clay is burned. 

The same author has attempted to classify clays according to their 
color-burning qualities as follows:? 

1N. J. Geol. Surv., Final Report, Vol. VI, p. 112, 1904. 


*Ta. Geol. Surv., Vol. XIV, p. 59, 1904. 
3 Seger’s Collected Writings, Vol. I, p. 109. 
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Group Character of clay Color after burning 
il High in alumina and low in iron White, or nearly so 
2 High in alumina and moderate iron contents Pale yellow to pale buff 
3 Low in alumina and high in iron Red 
4 Low in alumina and high in iron and lime Cream or yellow 


The following table of the color of clays is given by Wilson: ! 


CoLor oF CLays 


Color Unweathered Weathered Fired color 
White kaolins White (Numerous exceptions) white 
. White. . White diatoma- 
ceous earth White Usually pink or red 
Rarely white 
. Cream....| Cream Cream | Usually buff 
Sometimes red or brown 
(| Oceasionally white (ball clays) 
| Neutral gray Neutral gray Usually buff 
Often red and brown 
| Usually red 
: ile gray ER Often is and brown 
ee Blue gray Brown gray | Usually red or brown 
or brown | 
Brown gray Gray brown | Usually red or brown 
Green gray Gray brown | Red and brown 
2 ° Rarely buff 
| Gray brown Gray brown { Red eae 
4. Brown | Red brown Red brown Red and brown 
| | Yellow brown Yellow brown { Tareleibutt 
Red and brown 
Rede ..... Red Red Red and brown 
- E ee {| Often buff 
ae Nowa.) ellovy eloy \| Usually red and brown 
Occasionally white 
Tie TBIENO SS Soe, Black Black | Often buff 


Usually red or brown 


1 Univ. Wash. Eng. Exper. Sta., Bull. 18, p. 33, 1928. 
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SLAKING 


When a lump of raw clay or shale is immersed under water it falls 
to pieces or slakes, the process ceasing only when the clay has broken 
down to a fine powdery mass. The time required for this varies from 
a few minutes in the case of soft porous clays to several weeks for tough 
shales, and some may be incompletely disintegrated even after that. 

The slaking property is one of some practical importance, as easily 
slaking clays temper more readily, or if the material is to be washed, 
it disintegrates more rapidly in the log-washer. 

It is also a rough test for distinguishing between clays of high and low 
strength. 

The tentative method recommended by the American Ceramic 
Society, Committee on Standards,! is as follows: “The test-pieces are 
cubes made of a mixture of 50 per cent by weight, of ground flint, and 
50 per cent of the clay to be tested, ground to pass a standard 28-mesh 
sieve (0.0232 inch hole, 0.0125 inch wire). The flint used is ‘potter’s 
flint’ and shall all pass a standard 100-mesh sieve (0.0058 inch hole, 
0.0042 inch wire). Cubes of 1-inch size are to be cut from this mixture 
after it is worked to its best plastic consistency. 

“These cubes are to be dried at room temperature until air dry, then 
at a temperature between 65° C. and 75° C. for at least five hours, and 
finally without cooling, at 110°C. until approximately constant in 
weight. 

“ These cubes are placed on a screen having meshes of not less than 
two per inch, the wire to be not more than {5 inch diameter. The sam- 
ples on screen should be carefully immersed in water, at 25° C. (+1° C.), 
(77° F. + 2° F.), with at least 1 inch water under the test-piece, and 
not less than 3 inch nor more than 1 inch aboye it. 

‘The time required in minutes, for the whole test-piece to slake and 
to settle through the screen, is to be reported. The average of two 
determinations should be taken.’ 


CAPILLARITY 


For testing the capillary movement of water through clays,” 
Schurecht used an apparatus like that shown in Fig. 79. 

The unburned clay test-piece placed in a glass container rests on a 
filter paper over a copper screen fastened across the bottom of cylinder. 
The bottom of glass container just touches the water level. The cylin- 


1 Issued Jan., 1918. 
> Jour. Amer. Ceram. Soc., V, p. 930, 1922. 
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der with the clay is weighed before the test and at frequent intervals to 


determine the rate of capillary absorp- 
tion. Aniline dye added to the water 
more clearly indicates its rise through the 
clay. 

Figure 80 shows the results on a series 
of clays.! 


PERMEABILITY 


This term refers to the readiness 
with which a body will permit liquids 
or gases to pass through it. 

The permeability may be measured 
by the rate at which some liquid or gas 
flows through a unit area and unit thick- 
ness of body under a unit pressure.” 

The term permeability should not be 
confused with porosity, which refers to 
the volume of pore space. 

Two bodies might have the same po- 
rosity, but if the pores of one were much 
smaller its permeability would be lower. 
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F ia. 79.—Apparatus for measur- 

ing the capillary rise of water 

through clays. (Schurecht, Jour. 
Amer, Ceram. Soc., V, 1922.) 


Several different types of apparatus have been devised for determin- 


ing the permeability 
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Fic. 80.—Capillary rise and weight of water absorbed by form conditions of 


different clays. (Schurecht, Jour. Amer. Ceram. Soc., 


V, 1922.) 


thickness and area 
of the test-piece, and 


uniform pressure. Uniformity of structure throughout the thickness of 


1See also Liesegang and Watanabe, Sprechsaal, LVI, p. 56, 1928, for capillary 


tests with kaolin. 


2 In this connection see Trans. Amer. Found. Assoc., XX XI, p. 708, 1924; Adams, 
T..C. Testing Molding Sands to Determine their Permeability, ibid., XXXII, 


Pt. II, 1925; also Wologdine, Electrochem. Met. 


Ind., VII, p. 1483, 1909. 
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the section is also an influencing factor. The last-named factor may be 
particularly important in unconsolidated materials. 

As pointed out by King and Slichter, the permeability of a body is 
not necessarily a constant, and the permeability may vary with the 
amount of pressure, and moreover permeability is not a simple function 
of the dimensions of the specimens. 

For unburned ceramic bodies, and even some burned ones, it is better 
to use air than water, as contact with the latter may change their 
physical properties. 

Among the methods described have been those of King and Slichter,' 
who measured the flow of water and air through sands, and Wologdine,? 
who measured the flow of water through ceramic materials. 

Searle * has also described two simple types of permeability appa- 
ratus, both of which are not altogether satisfactory because the area of 
the test-piece is larger than section of the water-holding cylinder which 
is fastened to its top. The liquid therefore in filtering into the brick 
may spread out laterally. 

Another type of permeability apparatus is that recommended by the 
American Foundrymen’s Association. In this, apparatus which is 
used particularly for sands, a standard test-piece 2 inches in diameter 
and 2 inches high is used. The air is forced through the specimen by 
the fall of the bell of a gasometer, and the pressure read on a manometer. 
The permeability represents the volume of air per minute passing 
through the specimen, per gram per square centimeter pressure, per unit 
volume in specimen. 

Another type of apparatus has been described by Kessler.® 

Suction permeameter.—A convenient form of suction type of per- 
meameter is that shown in Fig. 81, and intended especially for deter- 
mining the permeability of dense bodies.® 

The pressure used corresponds to 20 em. of mereury and the speci- 
mens used were about 5mm. thick. The results are expressed in cubie 
centimeter per minute, measured at pressure corresponding to 560 mm. 
of mercury, flowing through 1 sq. em. of a specimen 5 mm. thick under a 
pressure difference of 20 em. mercury. 

Part B has a shallow flare, expanding to about 2.5 em. in diameter 


1U.58. Geol. Surv., 19th Ann. Rept., Pt. II, p. 899. 

* Electrochem. and Metallurg. Ind., VII, p. 383 and 433, 1909. 

*'The Chemistry and Physics of Clays and other Ceramic Materials, p. 91, 1924. 

4’'Trans. Amer. Found. Assoc., XX XI, p. 708, 1924. 

5U.S. Bur. Stand., Tech. Pap. 305, 1926. 

° Ketchum, P. W., Westman, A. E, R., Hursh, R. K., Univ. Ill. Eng. Exper. 
Sta., Cire. 11, 1926. 
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at the bottom, and is ground on the bottom edge so as to fit closely to 
the specimen #. ‘The specimen is held in place by a short-necked funnel, 
which is in turn supported on a ring stand J. 

The tube C is connected to B and K by ground joints which are 
provided with mercury cup seals. 

Calibration—The pressure across the specimen is determined by 
the difference in height of the mercury levels in 7’ and in R. In order 
to obtain a zero point of pressure on the scale, a fixed point, such as P1, 
is chosen on the tube. The reservoir is then adjusted to such a height 


Fig. 81.—Suction permeameter. 


C = Capillary tube, 2 mm. bore; K = Three-way stopcock; 7 = Horizontal capillary measur- 
ing tube, 1 m. long; D = Tube of larger bore; R = Mercury reservoir, at least 3 cm. diameter; 
M = Stand with scale with pointer for measuring height of mercury; W = Connection with water 
aspirator pump; B = Tube with shallow flare at bottom, and ground-edge to fit specimen H; 
s = Short necked funnel; = Ring stand; parts B, C and K connected by ground-glass joints, 
provided with mercury cup seals. 


that when the mercury column is drawn up to Py, and allowed to run 
back freely, it will come to rest about half way between Ps: and P3. 
With the reservoir adjusted in this way, the reading for zero pressure 
is taken as the height of the mercury in the reservoir when the mercury 
column stands at P. 

To obtain the standard pressure difference of 20 cm., the mercury 
column is maintained at P, while the reservoir is lowered until the 
mercury in it is 20 cm. below the level for zero pressure. Volume v of 
tube 7 between P2 and P3 is measured by weighing the amount of 
mercury required to fill this portion of the tube. 

Operation.—Part B is removed from the rest of the apparatus by 
lowering the ring of the support stand, and sealed to specimen EH by 
means of hot beeswax or other suitable material. This combination 
is then sealed into place in the funnel which, after being cooled to room 
temperature, is placed in the ring S and raised so as to connect B and C. 
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A rubber band over S and C prevents the parts from becoming displaced 
before the vacuum is established. Stopcock & is then turned so as to 
connect the vacuum pump with both C and 7. The pump reduces the 
pressure in these tubes, thereby causing the mercury column to travel 
along 7 from P2 to Py. When the column is somewhere near Py, 
stopcock K is turned so as to connect only C and T. Due to the pass- 
age of air through the specimen, the mercury column will now run back 
and the time ¢ required for it to go from P2 to P is measured with a 
stop-watch. 

Calculation of Results ——Area A of the bottom opening of part B may 
be taken as the effective area of the piece because measurements have 
shown that the air-flow through the specimen occurs almost entirely 
along straight lines perpendicular to the surfaces of the piece, as long 
as the ratio of A to the thickness of the specimen is sufficiently large. 
For instance, in the present measurements, the diameter of the bottom 
opening of part B was about five times the thickness of the piece, and 
the error due to non-linear flow was practically negligible. For higher 
accuracy, the bottom of the specimen can be waxed so as to expose an 
area equal and opposite to that exposed above. 

It was found by experiment that the time ¢ is directly proportional 
to the thickness d of the specimen. ‘This relation can also be predicted 
from theoretical considerations on the assumption that for an infinitesi- 
mal element of a capillary tube the velocity of flow is inversely propor- 
tional to the length of the element. 

The permeability P is therefore given by the expression 


where v is the volume in cubic centimeter of the tube T between P; and 
Pz, dis the thickness of the specimen in centimeter, ¢ is the time in min- 
utes required for the mercury column to go from Pe to P1, and A is the 
area in square centimeter of the bottom opening of the part B. The 
factor 2 is required because we have chosen 0.5 em. as the standard thick- 
ness (see Section 9). When the same apparatus is used to measure speci- 
mens of equal thickness, time f can be taken as a measure of their relative 
permeability, v, d, and A being constant. To compare permeabilities 
measured by different type A instruments all operated at nearly 760 mm. 
barometric pressure, the values of v, d, and A for the different instru- 
ments must be taken into account. 

Schurecht permeameter.—The permeability of clays to water has 
been tested by Schurecht in a specially designed apparatus. (Fig. 82.) 
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The clay to be tested in its plastic condition is mixed with water 
to normal consistency and then pressed into a cylindrical hole of 1 em. 
diameter in the lower rubber stopper. Filter paper is sealed to the 
paper above and below the clay by means of paraffin,' to prevent the 
clay mixing with water. 

The cylinder is filled with distilled water to point indicated, the 
stopper inserted and the whole weighed. Weights are taken at intervals 
up to thirty days. The loss in water permits calcula- 
tion of water passing through clay. The cylinder 
is refilled to 12.75 em. level after each weighing. 
he The chart shows the total grams of water 
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Water level passing through certain clays in a given time 
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Fig. 82.—Apparatus for measuring the permeability of clays. (Schurecht, Jour, 
Amer. Ceram. Soc., V, 1922.) 


Fig. 83.—Chart showing permeability of clays to water. (Schurecht, Jour. Amer. 
Ceram. Soc., V, 1922. 


It was found that the addition of sufficient NaOH increased the per- 
meability in some clays tried. ‘The author found that the permeability 
of clay to water is independent of time between two and ten days. — Per- 
meability is nearly constant in the formula P =W/T, in which W = 
total water passing through in 7’ days. This factor P for North Caro- 
lina kaolin was 1.55 +0.05; for English china-clay, 145 +0.08. The 
permeability for Tennessee ball-clay was increased from 0.64 to 1.20 by 


adding 0.7 per cent NaOH. 


1H. G. Schurecht, Jour, Amer. Ceram. Soc., V, p. 928, 1922. 
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ADSORPTION 


By this term is meant the power which a clay has of removing solid 
substances from solutions with which it is in contact. 

More than fifty years ago T. Way! noticed that clays, and soils 
with a clay base, possessed extraordinary powers for absorbing water, 
but that in addition the clay substance exhibited greater facility for 
absorbing the bases contained in certain salts which were dissolved 
in water. This action was also selective, certain bases and substances 
being held so that they could not be washed out again. 

Bourry 2 states that kaolins do not absorb more than 2 per cent of 
calcium carbonate from a solution, while plastic clays can absorb from 
10 to 20 per cent of it. More recently Dr. Hirsch * has made a number 
of experiments to test the amount of dissolved salts which a clay can 
absorb when stirred up in a solution. He found that clays and kaolins 
absorb some of the dissolved salt, because after settling the superna- 
tant liquid had a lower concentration than it did before; but sand and 
burned clay do not show this power, while feldspar and marble possess 
it to some extent. The amount of salt thus absorbed was independent 
of the time, and the removal of the salt ceased with the settling of the 
clay. It is, however, dependent on the kind of clay and kind of salt 
and the degree of concentration. Thus barium, lead, and aluminum 
compounds were removed in considerable quantities, while strontium, 
magnesium, and calcium salts were absorbed to a less degree. The 
acid of the salt seems to influence the result appreciably. Chlorides, 
nitrates, and acetates are absorbed more than sulphates, but alkali 
salts, except the carbonates, are not. The higher the concentration 
of the solution the greater the quantity of salt absorbed, although in 
a weak solution all of the salt may be carried down. The conditions 
are more complicated in the presence of several salts; thus the absorp- 
tion of barium chloride is decreased by the presence of alkali salts, 
acids and bases, and entirely prevented by aluminum chloride. Sul- 
phates are absorbed in the presence of caustic alkalies and acids, while 
the alkali chlorides seem to be lacking in effect. 

Experiments by the author * have also shown that some tannins, 
as gallo-tannic acid, are absorbed by clay, a clear filtrate from a mix- 
ture of gallo-tannic acid and clay giving no reaction with ferric chloride. 


1 Royal Ag. Soc. Jour., XI, 1880. Quoted by Cushman, Trans. Amer. Cer. 
Soc., VI, p. 7, 1904. 

> Treatise on Ceramic Industries, p. 54, 1901. 

3 Tonindustrie-Zeitung, No. 26, 1904. 

4Trans, Amer. Ceram. Soc., VI, p. 44, 1906. 
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In this connection it is of interest to refer to the observations of 
Kohler,' who finds that clays, among other substances, have the power 
of abstracting metallic oxides from solutions which are filtered through 
them. 

K. C. Sullivan,” in experimenting along these lines, found that 
when a solution containing 100 ¢.c. of water with 252 grains of copper 
as the sulphate was shaken up with powdered orthoclase, albite, shale, 
or microcline, it was found that there was a remarkable interchange 
of bases instead of absorption. The copper entered the silicates, and 
an exact molecular equivalent of the K20, NazO, CaO, MgO, or MnO 
went into solution. The feldspar proved much more efficient than 
kaolin, and removed from 60 to 100 per cent of the copper from their 
liquid. 

It has been pointed out that the mica content of a soil or clay is an 
important factor in adsorption, being responsible for 1 to 20 per cent of 
the total adsorption, as the content of mica varies from 2 to 37 per cent.? 


CHANGES TAKING PLACE IN FIRING 


When clays are subjected to a rising temperature a number of changes 
of a physical or chemical nature may take place. These include: Loss 
of volatile constituents, vitrification, and changes in volume, color, 
porosity, hardness and specific gravity. 

Any one of these changes may extend over a variable temperature 
range, which is not the same in all clays. 

Loss of volatile constituents——This includes the loss of chemically 
combined water by hydrous aluminum silicates, mica, hydrous iron 
oxides, hydrous aluminum oxides, and gypsum; the loss of sulphur by 
sulphides (especially iron sulphide) and gypsum, and of carbon dioxide 
by carbonates; the burning off of carbon. The loss of chemically com- 
bined water or dehydration is the most important of these processes, and 
it is due chiefly to the hydrous aluminum silicates present. 


1 Adsorptionsprozesse als Faktoren der Lagerstittenbildung und Lithogenesis, 
Zeitschr. fiir prakt. Geologie, Feb., 1903, p. 49. 

2 The Chemistry of Ore Deposition, Jour. Amer. Chem. Soc., X XVII, p. 976, 
and Economic Geology, I, p. 67, 1905. 

8 Anderson, M. S., Fry, W. H., Gile, P. L., Middleton, H. E., and Robinson, 
W. O., U. S. Dept. Agric. Bull. 1122, 1922. For further references on adsorption 
of clays and clay minerals see: Patten, H. E., and Gallagher, F. E., U.S. Dept. 
Agric. Bull. 51, 1908; Ashley, H. E., U. 8. Geol. Surv. Bull. 388, 1909; Gile, P. L., 
Middleton, H. E., Robinson, W. O., Fry, W. H., and Anderson, M. 8., U. 8. Dept. 
Agric. Bull. 1193, 1924. 
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Figure 84 shows the loss in weight of several clays due to driving off 
of volatile constituents. 

Dehydration.—Considering all the minerals that may be involved, 
dehydration may begin as low as 150° C., and extend to probably 650° 
C., but most of it does not take place until a temperature of at least 
450° C. is reached. 

The change caused by loss of water may affect the plasticity, specific 
eravity, porosity, molecular arrangement and shrinkage of the clay, as 
well as its solubility in acids and alkalis. 
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Fig. 84.—Loss in weight of several clays when heated to different temperatures. 

1. N. Ca. kaolin; 2. Georgia sedimentary kaolin; 3. Tennessee ball clay; 4. Ohio 

fire clay; 5. Maryland fire clay. (Brown and Montgomery, U.S. Bur. Stand., 
Tech. Pap. 21, 1913.) 


Hydrous aluminum silicates—Much has been written regarding the 
dehydration temperature of clays, and various interpretations have been 
placed on it. 

If we plot the temperature curve, it will be found that at those tem- 
peratures at which most of the combined water is driven off there will 
be a retardation, indicated by a terrace in the curve, and this represents 
an endothermic reaction. At a higher temperature the curve may 
exhibit what Mellor calls a hump due to exothermic reactions. 

It is thought by some that these curves may be quite characteristic 
for certain clay minerals.! 

Le Chatelier ? was amongst the earliest observers of this property, 
and sought to show that the dehydration temperature varied from 150° 
to 770°C., depending on the hydrous aluminum silicates present. 

* Mellor, J. W., Trans. Ceram. Soc. (Eng.), XVI, p. 73, 1916-17. 


* Zeit. physik. Chemie, I, p. 396, 1887; Compt. rend., CIV, p. 1443 and 1517; 
Dingl. polyt. Jour., CCLXV, p. 94, 1887. 
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Making use, therefore, of temperature dehydration curves, he recog- 
nized the following groups: 

1. Halloysite: retardation between 150° and 200°C., again at 
700° C., with sudden acceleration at 1000° C. 

2. Allophane: retardation between 150° and 220°, and acceleration 
at 1000° C. 

3. Kaolinite: retardation towards 770° C. and slight acceleration 
towards 1000° C. 

4, Pyrophyllite: retardation at 700° C., and a second less distinct 
one at 850° C. 

5. Montmorillonite: retardation at 200° C., a second at 770° C., and 
a third less marked one at 950° C. 

Le Chatelier’s curves seem open to some doubt, and his dehydration 
temperature of 770°C. for kaolinite is too high, according to later 
measurements. 

As a rule the temperature curves of the purer clays seem to give 
better-marked halting points (Fig. 85), than those of the impure ones, 
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Fic. 85.—Dehydration curves of several clays. 6. Maryland flint clay; 7. Ohio 
shale; 8. Illinois shale; 9. Ohio surface clay; 10. Georgia surface clay. (Brown 
and Montgomery, U.S. Bur. Stand., Tech. Pap. 21, 1913.) 


and this fact seems to be well shown by curves published by Rieke,! 
and also by Brown and Montgomery.” 
Many observers express the dehydration temperature as a range, 
rather than a single point. Some of the results obtained are as follows: 
Lovejoy, 630° C., on a No. 2 fire-clay;? A. E. Barnes, 565° C.;4 
W. M. Kennedy, Florida “‘ Kaolin,” 475° C.; ° Ashley, 500-575° C., and 
825-925° C.;® Mellor and Holdcroft, most pronounced at 500°, but a 


1 Sprechsaal, XLIV, p. 637-641 and 653-656, 1911. 
2U. 8S. Bur. Stand., Tech. Pap. 21, 1912. 

3 The Clayworker, 1888. 

4Tbid., XXIII, p. 705, 1895. 

5 Trans. Amer. Ceram. Soc., IV, p. 152, 1902. 

6 Jour. Ind. and Chem. Eng., III, p. 91, 1910. 
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lag between 600° and 700° C., with exothermic reaction at 900° C.;% 
Rieke, as low as 425°, but chief range between 510°-580° C.; ? Brown 
and Montgomery, first lag between 450° and 520° C., but main lag 
between 480° and 670° C., depending on the clay. 

The following figures are given by Brown and Montgomery :? 


DEHYDRATION TEMPERATURES OF SEVERAL CLAYS 


I II Til IV 

6 | Maryland flint clay....... 450 550-575 10.45 870 

(aan Ohiorshale err eee ASH Se OW welictease 3.98 880 

Sa lllinorsishale seer rere 480 —670 4.88 850 
@) | CVO) SHES GEN. con cnsel| asveecce no lag 5.63 
10 | Georgia surface clay....... 490 600 10.09 


The purer clays gave more characteristic curves. 


1. | North Carolina kaolin..... 480 540-570 13.20 850 
DN GeOT ela neva ea ere eee ee 525 525-590 12.93 850 
3 | Tennessee ball clay........ 510 510-600 10.67 
AN | Olinioy the GENS cso co coc aoc 520 550-600 6.69 Faint 
5 | Maryland fire clay........ 480 480-580 5.68 850-900 
Faint 
I. First lag. 


II. Retardation. 
III. Weight loss, 650° C. 
IV. Exothermic reaction. 

While a loss in weight may take place below 450° C., it is question- 
able whether it represents chemically combined water, but rather 
adsorbed moisture. Organic matter or water held by hydrous iron 
oxides may pass off at a low heat. 

It has also been pointed out that the temperature range of dehydra- 
tion may be due to a too-rapid rise of the temperature. 

Thus Rieke mentions the case of a Bohemian kaolin that showed a 
loss of 4.11 per cent when heated for one hour between 470° C. and 
475° C., while at the end of thirty hours at the same temperature it had 
lost 10.18 per cent. Another sample showed 8.42 per cent loss after two 
hours’ heating between 510°-520° C., and 9.75 per cent at the end of 
twenty-one and one-half hours at the same temperature. 

Houldsworth and Cobb * expressed the view that if kaolin were held 
long enough between 420°-450° C. that complete dehydration would occur. 

1'Trans. Ceram. Soc. (Eng.), X, p. 94. 

?Sprechsaal, XLIV, p. 637-641 and 653-656, 1911. 
3U.8. Bur. of Stand., Tech. Pap. 21, 1912. 

‘Trans. Ceram. Soc. (Eng.), XXII, p. 111, 1922-23. 


CHANGES TAKING PLACE IN FIRING 273 


While somewhat in disagreement with this is the statement of Brown 
and Montgomery ! that the combined water of clay is not expelled at 
any definite temperature, but leaves throughout a fairly long-continued 
temperature range, and furthermore that instead of dealing with pure 
hydrates, we have substances in which the water is held only in part as 
water of hydration. The acceleration at 850° C. appeared more dis- 
tinct in the purer clays. 

We therefore have two groups of views. One group considers that 
there is no loss of water at low temperatures.? 

The other holds that there is no definite temperature at which water 
is evolved, and that the lower the temperature the slower the speed of 
dehydration. 

Some of these claim that even at atmospheric temperatures a loss of 
water may occur under favorable conditions. 

The greatest loss, however, appears to occur between 500° and 600° C. 

Bauxites do not seem to agree in their dehydration ranges with clays. 
Wohlin * notes three types, based on their heating curves as follows: 
(1) Diaspore type, dehydrating about 540° C., with 12-14 per cent loss; 
(2) Gibbsite type, dehydrating about 310° C., with 27-35 per cent loss; 
and (3) mixture of 1 and 2, losing part of water like (1) and part like (2), 
with ignition loss of about 20 per cent. 

At about 1060° C. the alumina undergoes a more or less marked 
exothermal change accompanied by a reduction of volume. 

These figures do not agree exactly with those given by Houldsworth 
and Cobb,® whose figures are diaspore, 370°-400° C.; gibbsite, 160°- 
190° C.; red bauxite, 350°-410° C.; gray bauxite, 200°-220° C., 390°— 
450° C. All show appreciable loss of water at the temperatures men- 
tioned. Red bauxite is said to evolve appreciable heat at 1000° C. 

Bleininger and Brown © noted that in plotting the heating curve of 
a clay in an electric furnace, the curve showed two distinct lags, one 
between 200° and 300° C., and another between 570° and 620° C. The 

1U. S. Bur. Stan., Tech. Pap. 21, 1912. 

2 This has been stated by P. Schemjatschensky, Art. Naturf. Ges. St. Petersburg 
XXI, p. 281, 1796; A. Frenzel, Jour. prakt. Chem., V, p. 403, 1872; and A. Dick, 
Miner. Mag., VIII, p. 15, 1889. 

3 J. W. Mellor and A. D. Holdcroft, Trans. Eng. Ceram. Soc., X, p. 94, 1911; 
KE. Lowenstein, Zeit. anorg. Chem., LXIII, p. 95, 1909; E. A. Wiilfing, Jahres. Ver. 
Naturk. Wurttemberg, LVI, p. 1, 1900; R. Rieke, Sprechs., XLIV, p. 637, 1911; 
G. Keppeler, ibid., XLVI, p. 447, 1913; EK. Manasse, Atti. Soc. Toscanna, XXVIII, 
p. 118, 1912; G. Tammann and W. Pape, Zeit. anorg. chem., CX XVII, p. 43, 1923. 

4 Sprechsall, XLVI, pp. 781-783, 19138; Silikat Ztg., I, p. 225-228. See also 
Kurnakow, N. S., and Urazoyv, G. G., Ann. Inst. Phys.-Chem. Anal. Leningrad 
II, p. 496, 1924. 

5 Trans. Eng. Ceram. Soc., XXIII, p. 279, 1923-24. 

6U. S. Bur. Stand., Bull. 7, p. 29. 
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first they regarded as due to expulsion of mechanical water, held very per- 
sistently, while the second, of course, was due to decomposition of the 
kaolinite molecule.! 

Change in Character of Dehydrated Material.—The clay which has 
been dehydrated may show a marked difference from the uncalcined 
material. 

As pointed out by F. W. Clarke,? kaolin which has been dehydrated 
at low redness is completely decomposable by hydrochloric acid, but that 
the material contains no silica soluble in sodium-carbonate solution. 
This decomposition has been noted since by a number of other writers.* 
Sokoloff obtained the following results on heating the kaolin for five 
hours at different temperatures: 


Tempera- Loss on | Per cent of 
“wine, ~ @. heating, soluble 
per cent Al,O3 
400 3.85 
500 ilil 70) 28.99 
600 lh oo ea atone: 33.74 
700 12.94 33.96 
800 13.00 34.67 
| | 


1 For further data on dehydration see: Bigot, A., Compt. rend., CLX XVI, p. 91, 
1923; Bouduard, O., and La France, J., Bull. soc. chim., XX XIII, p. 1627, 1923; 
Bourry, E., Treatise on Ceramic Industries, p. 103; Houldsworth, M. S., and Cobb, 
J. V., Trans. Ceram. Soc. (Hng.), XXII, p. 111; Kennedy, W. M., Trans. Amer. 
Ceram. Soc., I; Keppler, G., Ber. der Tech. Wiss. Abt. des Verbds. ker. Gew. in 
Deutschland, 19138, p. 18; Laubman, Tonind.-Zeit., V, p. 400, 1881; Matijka, J., 
Chem. Listy, XVI, p. 8, 1922, and Min. abs., II, p. 1381; Mihlhiuser, O., Tonind., 
Zeit., p. 149, 1881; Plenske, E., Sprechsaal, No. 21, p. 290, 1908; Rohland, Sprech- 
saal, 1905, p. 1745; Samoiloff, J. V., Trans. Ceram. Soc. (Eng.), XXIII, p. 338, 
1923; Stremme, Sprechsaal, XLVIT; Thomson, W., Jour. Soc. Dyers and Col., 
XXX, p. 45; Wallach, R., Compt. rend., CLVII, p. 48; Keppler, G., Sprechsaal. 
1913, p. 447. For papers relating to dehydration of halloysite, see: Glinka, K., 
Studien in Gebiete der Verwitterungsprozresse, St. Petersburg, 1906, p. 1906, p. 57; 
Helmhacker, R., Tech. min. Mit., II, p. 229; Helmhacker, R., and John K. Neues 
Jahr. Min., 1879, p. 614. Le Chatelier, H., Bull. Soc. min., 1887, p. 204, and Zcit. 
fr. Phys. Chem., 1887, p. 396; Lowenstein, E., Zeit. anorg. Chem., LXIII, p. 95, 
1909. For montmorillonite see Ross, C. S., and Shannon, E. V., Jour. Amer, Ceram. 
Soc., IX, p. 91, 1926. See also under Leverrierite. 

28. Geol. Surv, Bull) 125, py 52. 

* McNeil, Jour. Amer. Chem. Soc., XXVII, p. 590; Knote, Trans. Amer. Ceram. 
Soc., XI, p. 226, 1910; Mellor and Holderoft, Trans. Ceram. Soc., Eng. X, p. 94; 
Sokoloff, Tonindus.-Zeit., XXXVI, p. 1107-1111; Iskiul, V. I., Ann. Inst. Anal. 
Phys.-Chim., Leningrad, II, p. 498, 1924. 
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There has been some disagreement as to the constitution of the 
material left after kaolinite is dehydrated, and no unanimity of opinion 
exists at present. 

Knote ' suggests the formation of AlzO3-SiO2 and AlsO3 + 38iQOe. 

Mellor and Scott claim that the kaolinite on dehydration just above 
500° C. decomposes into free silica, alumina and water,2 basing this con- 
clusion on a comparison of the dehydrated clay with artificially prepared 
alumina, and finding close similarity in regard to variation in specific 
gravity, hygroscopicity, solubility in acids, and exothermic change 
indicated by the heating curve around 900° C. 

J. V. Samoiloff? advanced a still different view, viz.: that the 
kaolinite is decomposed into two different compounds, Al-SiOs and 
SiOz. 

G. Shearer points out that the X-ray pictures of the dehydrated 
kaolinite show absence of crystalline structure, except where pieces of 
undecomposed kaolinite remain.* 

Even the change at 900° C. is not explained by all observers in the 
same manner. 

Knote believes that there is a recombination of the SiOz and Al2Os, 
while Mellor called it polymerization of the AloO3 and Ashley suggested 
the formation of sillimanite. 

F. W. Clarke > and W. Vernadsky ® assume that the anhydride, 
AloSi207, which they call leverrierite is formed. 

Vernadsky in his earlier paper suggested that at 900° C. the lever- 
rierite went by polymorphic and slow changes into free silica and silliman- 
ite while in a later paper’ he states that above 1000° C. the leverrierite 
changes to cristobalite and mullite or keramite. 

Samoiloff disagrees with Vernadsky in thinking that at 900° C. 
there is a molecular rearrangement of AlgSiOs. 

Mellor and Scott ® explain the change by saying that the amorphous 
alumina passes to the crystalline form. 

K. A. Vesterberg® claims that the kaolinite at 800°C. forms 


1Trans. Amer. Ceram. Soc., XII, p. 226, 1910. 

2 Trans. Ceram. Soc., (Eng.), X XIII, p. 322, 1923-24. 

’'Trans. Ceram. Soc. (Hng.), XXIII, p. 339, 1923-24, and Bull. de l’acad. des 
Sciences de la Russie, 1909, p. 1137. 

4Trans. Ceram. Soc. (Hng.), X XII, p. 106, 1923. 

5 U.S. Geol. Surv., Bull. 125, p. 32, 1875. 

6 Trans. Ceram. Soc. (Eng.), X XII, pp. 398-401, 1922-3. 

Tidy XX1V, p. 13; 1925. 

8 Trans. Ceram. Soc. (Eng.), XXIII, p. 326, 1923-24. 

9 Arkiv. Kemi. Min. Geol., IX, No. 14, 1-26, 1925. 
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AloSi207, which is sol in HCl. Pyrophyllite, he says, is not rendered 
soluble by heating.' 

If kaolinite is examined with the microscope, it appears optically 
homogeneous when heated up to 1200° C.? but dissociation appears 
to begin above this point, and as the temperature is raised the dis- 
sociation increases very slowly at first, and then at an increasing rate, 
until at 1400° C. it seems to be complete. ‘The products of dissociation 
are said to be silica and amorphous aluminum silicate. At about 
1450° C. the amorphous aluminum silicate changes into crystalline 
“sillimanite.” R.E. Somers? differs from Klein in finding that in clays 
fired at 1150°C. the hydromica became isotropic, but the kaolinite did not. 

It is possible that the difference may have been due to Klein’s 
samples having been fired more slowly. 

The dehydration is an endothermic process absorbing, according to 
Navias,* 240 calories per gram under assumption that steam is con- 
densed to liquid at room temperature. 

The clay in its dehydrated form has its highest porosity and remains 
very porous until about 900° C. 

Rehydration.— Clays which have been almost completely dehydrated 
by calcination at a moderate temperature (600°-700° C.) can be rehy- 
drated by heating with water to 200°-270° C. for eight to forty-eight 
hours.° The rehydrated material is usually plastic and appears to be 
colloidal. They argue from this that the kaolinite on dehydration ap- 
pears to form an anhydride, which is broken down by heating to higher 
temperatures. 

Washburn considers that there is no doubt that the burned clay 
slowly rehydrates in contact with water, but that the rate is influenced 
by the time, temperature, nature and condition of the body.® 

Dried clays.—It has been found that if finely powdered samples of 
clay are dried over 25 per cent HoSOq, and then placed in desiccators 
containing H2SOx of different concentrations up to 90 per cent, with the 
temperature held at 25° C. that all showed a loss of water, but that this 
might be gradually resorbed on exposure to a moist atmosphere.? 

* For further references see O. Boudouard and J. Le France, Bull. soc. chim., 


XXII, p. 1627, 1925; C. E. Moore, Trans. Ceram. Soc. (Eng.), XXII, p. 138-58, 
1922-3. 

* Klein, A. A., U.S. Bur. Stand., Tech. Pap. No. 80, p. 35; also Trans. Amer. 
Cerem. Soc., XVIII, p. 377, 1916. 

®U. 5S. Geol. Surv., Bull. 708, p. 305, 1922. 

4J. Am. Ceram. Soc., VI, 1268. 

5 Laird, J.S., and Geiler, R. ¥., Jour. Amer. Ceram. Soc., II, p. 828, 1919. 

6 Jour. Amer. Ceram, Soc., IV, 1921. 


7 Mellor, Sinclair and Devereux, Trans. Ceram. Soc. (En DXGXGT| z= 
1921622) . Soc. (Eng.), XXI, p. 104-6, 
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Figures for a few clays are given below: 


PERCENTAGE oF Loss IN WeiGcuT oF DirreRENT CLAys IN DRIED 
ATMOSPHERE ON Exposurr TO SuLpHURIC. AcIpD * 


aa Halloysite Ball clay China clay 
30 1.72 0.08 0.16 
40 8.68 0.24 0.12 
50 10.36 1.63 0.20 
60 11.40 Zou 0.24 
70 11.52 2.44 0.46 
80 12,52 3.29 0.52 
90 11.84 3.54 0.55 


* The exposure was three months. 


Hydrated ferric oxides.—Posnjak and Merwin ! have plotted dehy- 
- dration curves for goethite (e203: H20), lepidocrocite and limonite, all 
of which show clearly what part of the water was chemically combined 
and what part absorbed. The curves all have a sharp drop somewhere 
between 150° C. and a little over 200°C. The exact temperature at 
which the combined water goes off could not be determined but it 1s some- 
where between these limits. The differences, if any, between the dehydra- 
tion temperatures of the goethite, lepidocrocite and limonite, are quite 
similar. The mineral would take up nearly as much absorbed water as it 
had at first if exposed to air after dehydration. In one of the limonites 
3 per cent of adsorbed water was still retained at 300° C. while in the 
goethite it was 1 per cent or less. Turgite has a smooth dehydration 
curve showing continuous loss of water with rising temperature thus 
indicating that there is no decomposition of a definite chemical com- 
pound. 

Gypsum.—This mineral will lose its chemically combined water at a 
rather low temperature, probably mostly between 120° C. and 200° C. 
(see Gypsum). 

Carbon and carbon dioxide.—Both of these constituents will be 
driven off mostly between 800° C. and 900° C., but may in part at least 
pass off earlier. 

Sulphur oxides.—These may come either from pyrite or gypsum. 
The former may yield its sulphur at as low a temperature as 560° C., 
but the latter does not become dissociated until a temperature of about 
1000° C. is reached. 


1 Amer. Jour. Sci. (4), XLVII, pp. 311-348, 1919. 
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Oxidation period.—This term may be applied to that period in the 
firing when certain changes take place which require oxygen for their 
accomplishment. This may include the burning off of combustible 
matter such as carbon or hydrocarbons, the expulsion of sulphur, and 
the change of iron from the ferrous to the ferric condition. 

Oxidation may begin at a comparatively low temperature, and is 
probably completed by 900° C. Since, however, there may be at times 
considerable material in the clay requiring oxidation, and the clay may 
be rather dense thus preventing easy access of air to the interior of the 
piece, it is occasionally necessary to hold the clay for some time below 
900° C. until oxidation is completed. (See under Carbon.) 

Loss of volatile products in burning.—The analyses (see table below) 
giving the composition of several clays, and the bricks made from them, 
are interesting in showing the loss of the volatile products in burning. 


ANALYSES SHOWING DIFFERENCE BETWEEN RAW AND BURNED CLay * 


I II Ill IV V View vid 

Silica (SiO2)...........| 74.038 | 78.5 | 74.04 | 73.94 | 49.45 56.6 56.5 
Nira UNO RE docs oll Lee Oh || Paks || ise iksy || Oey a7 iil 20.4 20.2 
Ferric oxide (Fe2O;)... .ol eles .50 1.80 3.45 one 6.1 
Ibimes(Ca©) peer eee MALOR ae alae .50 1.08 | 12.67 Vas L1G 
Magnesia (MgQO)...... FD agi ee tee oat 1.16 NE Care The ct 1.8 
Rovasha (KC ©) seer .30 a 42 261 13 jas 15 
Socks GNEBO)csoasesos .60 3 lk 64 Al iL! iL 
With With | With 

Titanium oxide (TiOz)..| 1.36 | Al,O3 Will .83 .70 | AloOs | Al,O3 
\ienee (EKO) Ee cooceoec oll Wall || Nome BOO ercenae 4.84 .5 | None 
(CEydoxeiny Chops KClOM)sllenncoe ls oanaaciseocccalleasoone 7.10 | None | None 
Squlllolavene wmeracls (SOM a. oaococllbacssaclosccanelsasacce 2.00 | None | None 
Werrous: Oxides £5 secs sca sear el ewe verees| & eee Ree | ee None | None 
EEO be)| eee een ae 100.43 | 100.6 | 99.31 |100.53 | 99.43 99.7 99.1 


I. Fire-clay from six miles southeast of Sulphur Springs, Tex. O. H. Palm, analyst. 
II. Brick from same. §8. H. Worrell, analyst. 

III. Fire-clay, Athens, Tex. O. H. Palm, analyst. 

IV. Fire-brick, Athens, Tex. O. H. Palm, analyst 
V. Brick shale, Ferris, Tex. O. H. Palm, analyst. 

VI. Brick from same. O. H. Palm, analyst. 

VII. Hard-burned brick from V. O. H. Palm, analyst. 


* These analyses would have been of greater value had it been possible to make each of a pair 


on the same sample. The main point they bring out is the loss of volatile elements. 


Change in color.—As pointed out under iron oxide, this is the com- 
mon coloring agent in fired clays, and the facts given there need not be 
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repeated here. Lime carbonate when in excess over iron oxide, and both 
evenly distributed will yield a cream-colored brick. Even titanium 
may probably exert a slight coloring action on some iron-free clays, 
although present in only small amounts. 

Of considerable importance is the condition of the fire whether oxi- 
dizing or reducing, the former giving bright colors. 

Firing under oxidizing conditions in a muffle usually gives brighter 
color than in an open kiln where flames come in contact with the ware. 

Much reoxidation may, however, take place during cooling in a 
large kiln. 

The rapid cooling of a small kiln does not cause much difference in 
the color of fired clays, which have been fired under oxidizing conditions. 

Wilson ! states that the following changes in color will be produced 
when test-pieces are subjected to reducing conditions produced by direct 
contact with flame or combustion gases (open firing), or through thin- 
walled and porous saggers, and when not followed by long oxidizing 
cooling period above red heat after the firing is stopped: 

1. White and light creams will change to white having a blue or 
grayish tone, deepening into light grays. 

2. Bright buffs will fade to grays and brown grays. 

3. Bright reds will change to red browns and blacks. 

4. Black iron spots become more prominent in all the above colors. 


Clays of high iron content show the greatest difference. 


VITRIFICATION 


Immediately after a clay has been dehydrated it shows its maximum 
porosity, as, however, the temperature is raised, some of the clay par- 
ticles begin to soften by fusion, binding the mass together. 

As the temperature continues to rise, more of the mass becomes 
softened, and more of the clay body goes into solution so that the com- 
position of the softened portion changes. 

It will be seen, therefore, that while in the early stages of vitrifica- 
tion, there may be considerable pore space between the grains, these 
will be gradually filled by fused material, provided there is a sufficient 
quantity of it. 

We may recognize three stages in the vitrification process as follows: 
1. Incipient vitrification, in which just enough of the clay material has 
softened to stick the mass together. 2. Complete vitrification, at 
which point the interspaces are filled with fused material, the mass, 


1 Univ. Wash. Eng. Exper. Sta., Bull. 18, p. 32, 1923; see also p. 259. 
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however, being still able to support its own weight without distortion. 
3. Fusion at which point the body has softened so that it no longer holds 
its own weight. 

Incipient vitrification begins at different temperatures in different 
clays. 

According to Searle it may begin in some very fusible clays as low 
as 450° CG. In most clays it probably does not begin below 750° C. or 
800° C. 

Searle ! defines the vitrification range as the “‘ range of temperature 
between the commencement of fusion and the loss of shape due to the 
production of vitrified material.” 

Coincident with the vitrification process, there takes place a diminu- 
tion in volume, and also change in porosity. 

The volume change, or shrinkage, increases until the clay is com- 
pletely vitrified, after which it decreases, due to the clay swelling. 

It has been noted however that different clays after reaching com- 
plete vitrification may remain in that condition over a rather long tem- 
perature interval, before swelling or overfiring begins. They have a 
long firing range. With others the reverse is true. 

Aside from this, however, the temperature interval between incipient 
vitrification, vitrification and fusion may vary considerably. 

Wheeler ? gives the following temperature ranges for several classes 
of clays, between incipient vitrification and scoriaceous vitrification 
The figures are based on 135 clays tested. 


Range 
Num- | Percent- 
ee ne ti =e Character 
om | °C 
2 eS) 75 24 | Very caleareous 
33 24.5 300 149 | Very impure clays and shales 
11 8.0 350 176 | Less impure clays and shales 
63 47.0 400 | 204 | Fire clays, potters clays, kaolins 
26 19.0 500 | 260 | Some china-clays, pure fireclays 
135 | 100.0 


Mathews * tabulates 220 clays according to their firing range, and 
divides them into two groups as follows: 


‘Chemistry and Physics of Clays, p. 552. 
? Mo. Geol. Surv., XI, p. 131, 1896. 
* Md: Geol Surv, leone 50, 1922. 
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I. “In this group 190 show a range from incipient vitrification to vis- 
cosity of less, and thirty of more than 278° C. Of these only forty-three 
show greater temperature range between vitrification range and viscosity, 
than between incipient and complete vitrification.” II. ‘In the 
second group, where the total range is between 278° C. and 500° C., 
nearly 75 per cent show wider ranges from complete vitrification to 
fusion.”’ 

He adds: ‘ From the figures obtained it is evident that most of the 
clays of low gross range allow relatively less range in temperature above 
that of complete vitrification or optimum density than do those clays 
with a gross range of more than 278° C., which also show a greater lati- 
tude in temperature before reaching viscosity.”’ 

“There is no striking relationship shown between clays of low 
incipient fusion and low range to viscosity beyond the fact that those 
showing incipient vitrification below 1090° C. seldom show over 195° C. 
gross range from incipient vitrification to viscosity. Clays more 
refractory than this may show wide differences in range and in a general 
way the highly refractory clays pass quickly from incipient to complete 
vitrification.” 

We can thus say that the point of complete vitrification may lie 
midway between incipient vitrification and viscosity, or near to onc or 
the other end-points of the range. 

It is of course difficult to definitely decide the three points in the 
vitrification range, because there is usually a gradual change from one 
stage to the next. 

There is a practical importance in the position of the complete vitrifi- 
cation point, for two reasons. Some wares have to be fired to a condi- 
tion of minimum porosity, or vitrification as it is commonly called." 

Since the temperature of a kiln cannot be controlled very closely, it 
is desirable that there should be a sufficiently large temperature interval 
between complete and viscous vitrification, in order to avoid the risk of 
overstepping one and passing into the other. This explains why cal- 
careous clays, for example, are not adapted to the manufacture of 
vitrified ware. 

The other point is that a clay which can be vitrified at a lower tem- 
perature, will require less fuel in firing than one which has a high temper- 
ature of vitrification. 

Bleininger and Loomis ? present a number of interesting curves of 


1Orton has pointed out that the term vitrified, signifies a condition of glass, 
and that if the ware were thoroughly vitrified it would be extremely brittle. In 
actual practice therefore the process of firing does not reach this point completely. 

2 Trans. Amer. Ceram. Soc., XIX, p. 601, 1917. 
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refractory bond clays. They remark “ that in general it may be said 
that the longer the temperature interval between the point of greatest 
density (lowest porosity) and the temperature of overburning—and 
likewise the higher the temperature at which overfiring occurs—the 
more useful should be the clay as a refractory material.” 

Porosity and vitrification——While the clay is highly porous after 
dehydration, and the pores open and connecting, it is quite evident that 
when vitrification begins the channels connecting some of the pores 
become closed. We thus have developed two types of pores, open and 
closed. 

The method for determining the volume of both types of pores has 
already been referred to (see Porosity). 

Since gases may be evolved from the clay as vitrification progresses, 
if it is released in the closed pores, these may become enlarged by the 
expansive force of the gases, especially if the viscosity of the clay is con- 
siderable. 

Indeed the evolution of gases during firing may be responsible for the 
porosity, especially if this is rapid enough. 

The gases evolved may include! combined water, carbon dioxide 
resulting from the combustion of carbon and dissociation of carbonates, 
sulphur dioxide and trioxide from pyrite or gypsum, and oxygen from the 
reduction of ferric oxide. 

As vitrification is a very important character in the manufacture of 
dense products such as paving-brick, sewer-pipe, stoneware, porcelain, 
etc., its manner of progression, and development of vesicular structure 
need to be carefully considered, for the overdevelopment of porosity 
may cause serious harm. 

Bleininger and Montgomery 2 group clays as follows as regards the 
structure developed: 

1. Open structure, no vitrification possible. (Pure clays, kaolins, 
flint clays, very siliceous clays.) 

2. Sound vitrification, with no immediate development of vesicular 
structure (Fig. 87). (Best paving-brick shales, stoneware clays and 
similar ones.) 

3. Vesicular structure, developed before vitrification. Sound vitri- 
fication impossible. (Many shales which fail to make satisfactory 
paving-blocks. ) 

Ak. Vesicular structure, developed coincident with or immediately 
after vitrification. (Those showing such short firing range (Fig. 86) as 
to interfere with proper firing under commercial conditions. ) 


* Bleininger and Montgomery, U. S. Bur. Stand., Tech. Pap. 22. 
2U.S8. Bur. Stand., Tech. Pap. 22, 1913. 
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PER CENT POROSITY 


PER CENT VOLUME SHRINKAGE 
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Fiq. 86.—Clay with short firing range. (Brown, Jour. Amer. Ceram. Soc., I, 1518.) 
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Fic. 87.—Clay with long firing range, a Tennessee ball clay. (Bleininger and 
Loomis, Trans. Amer. Ceram. Soc., XIX, 1917.) 
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Fic. 88.—Chart showing relation between time and a clay to a lower 
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Trans. Amer. Ceram. Soc., XIII, p. 392. See also Brown and Murray, Bur. 
Stand., Tech. Pav. 17, 1913. 


*Trans. Amer. Ceram. Soc., XIII, p. 387. 
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minutes at a temperature of 1150°C. The rates of heating were 
16.6° C. and 2.1° C. per minute, respectively. 

Brown and Murray also note! that rapid firing requires a higher 
finishing temperature than slower firing. 

Vesicular structure is produced not only by excessive temperature, 
but also by longer-continued heating at a lower temperature, and the 
greater the tendency of a clay to produce vesicular structure the lower 
should be the firing temperature with a corresponding increase of time. 

They also state 


from a study of a 
me [ee el eet on! 
series of clays, that 
. Curves Showing 
while no general rule Relation Between 
/ d | Time, Temperature, Porosity 
governing time-tem- | i ii 
perature relations ¢ ,, | 
can be worked out, § 
. Oy 
the higher the flux » * 
content, the more >" ,. oe to oe 
marked the influence 
of the time factor. 1 
Shrinkage and 
0 60 120 180 240 300 860 420 480 


vitrification.— As vit- 

rification proceeds, Shor decent caper tee 

the clay shrinks =O Fic. 90.—Curves illustrating effect of time upon vitrifica- 
far as its exterior tion as determined by porosity changes. (Beecher, Ia. 
volume is concerned, State Coll. Agr., XIV, 1915.) 

although there may 

be an actual increase in volume due to more and more of the clay 
material entering into fusion. This increase in the amount of fluid 
material tends to draw the unfused particles into closer contact, thus 
filling the pores, while the mass contracts.” 

A point is finally reached when shrinkage ceases and swelling begins. 
This swelling may be due in part to the amount of material involved in 
the fusion process and in part to the formation of vesicles caused by the 
expansion of escaping gases. As pointed out by Bleininger, “‘ the rate 
of contraction is not merely proportional to the temperature, but it is 


1U. S. Bur. Stand., Tech. Pap. 17, 1913. 
2 Attention has been called to the fact under Fire Shrinkage, that some clays 


may expand slightly at temperatures below 1000° C. Much of this may be due to 
the inversion of a — 8 quartz, which takes place between 500-600° C. R. F. Geller 
and R. A. Heindel (Jour. Amer. Ceram. Soc., IX, p. 563, 1926) noted this in about 
half of a large number of sagger clays investigated by them. 
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also a function of the viscosity at any given point. If at any stage the 
viscosity has been lowered the contraction will take place more rapidly 
per unit of temperature increase, than when the mass possesses a higher 
degree of molecular cohesion.” It may, therefore, happen that the rate 
of contraction is greater at lower than higher cones." 

In burning clay 
products conditions of 
equilibrium are never 
reached,” and if a piece 


18 


17 


16 


15 of fired ware is reheated 
5 14 to thesame temperature 
z 13 as before, it may show 
ier further shrinkage. 
cel However, the higher 
¢ pe / the temperature, the 
g a0 i less the additional con- 

9 —= eats, traction on refiring. 

Bie. Curves Specific gravity and 

5 vitrification—In _ gen- 

oe te 1 86) ts 2 eral there weeemonce ae 


Temperature in cones 


a decrease in true and 
apparent specific grav- 
ity as vitrification pro- 


Fic. 91.—Curves showing volume changes of fire 
clays during burning. Pores decrease with decreased 
volume, and increase on overfiring. (Beecher, Ia. State 
Coll. Eng. Exper. Sta, Bull. 40, 1915.) ceeds, but there may 
be exceptions. This 

is discussed in more detail under specific gravity. 

Development of minerals.—In the firing of clays, the reactions taking 
place in the fused material may result in the formation of new minerals, 
which can often be optically identified. 

Among those the most frequently noted are certain needle-like 
forms, which investigators have described in many ceramic wares, and 
which when studied under the microscope, have commonly been iden- 
tified as sillimanite.* 


1 Bleininger and Stull, Trans. Amer. Ceram. Soc., XII, p. 629. 

* Bleininger and Brown, loc. cit., p. 42. 

* Bleminger and Montgomery, Trans. Amer. Ceram. Soc., XV, p. 79; Beyer and 
Williams, Ia. Geol. Surv., XIV, p. 116; Beecher, Ia. State Coll. Eng. Exper. Sta., 
Bull. 40, 1915; Schurecht, Md. Geol. Surv., XI, Pt. II, 1922. 

* Ehrenberg, C. G., Pogg. Ann., XX XIX, p. 101, 1836; Oschatz, A., and Wiichter, 
A., Ding. Poly. Jour., CVI, p. 322, 1847; Behrens, H., Pogg. Ann., CL, p. 386, 
1873; Hussak, E., Sprechs,, XXII, p. 153, 1889; Vernadsky, W., Bull. Soc. Min., 
Fr., XIII, p. 256, 1890; Mellor, J. W., Jour. Soc. Chem. Ind., XXVI, p. 375, 1907; 
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Bowen and Greig ! state, however, that the crystals which have been 
called sillimanite all have the composition 3Al203:2S8iO2, a mineral 
which they term mullite. 100 

The compound 
AlgO3 SiOz, which occurs 
as sillimanite, andalusite, 
and cyanite has been 
regarded as the only 
compound of silica and 
alumina occurring in 
nature. 

Sillmanite was re- 
garded as the stable one 
under pyrogenetic condi- 
tions. 

“Investigation of 
equilibrium relations of 
alumina and silica has ley Sete LON, ie Ee Ee 
shown that there is only ae eee 
one compound of these Fia. 92.—Pores in Galesburg, Ill., shale fired at 
oxides stable in contact different temperatures. (Bleininger and Montgomery, 
with liquid in the binary U.S. Bur. Stand., Tech. Pap. 22, 1913.) 
system. This compound 
is 3Al203-2SiO2, but crystals of it show such remarkable similarity 
with natural sillimanite that they have been identified with it by a 
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Trans. Eng. Ceram. Soc., V, p. 75, 1906; Heath, A., and Mellor, J. W., Trans. 
Ceram. Soc. (Eng.), VII, p. 80, 1908; Plenske, E., Sprechs., XLI, p. 256, 1908; 
Glasenapp, M., Tonindus.-Zeit., X XXI, p. 1167, 1907; Watts, A. S., Trans. Amer. 
Ceram. Soc., XI, p. 185, 1909; Klein, A. A., ibid., XVIII, p. 377, 1916; Ries, H., 
and Oinouye, Y., Trans. Amer. Inst. Min. Engrs., LVIII, p. 184, 1917; Wegemann, 
C. H., Trans. Amer. Ceram. Soc., IX, p. 231, 1907; Peck, A. B., Jour. Amer. Ceram. 
Soc., Il, p. 175, 1919; Wilson, G. V., Jour. Soc. Glass. Tech., Il, p. 177, 1918; 
Shepherd, E. S., and Rankin, G. A., Amer. Jour. Sci. (4), XXVIII, p. 301, 1919; 
Wallace, R. C., Zeit. anorg. Chem., LXVIII, p. 370, 1910; Cronshaw, H. B., A 
microscopic study of bone china body, Eng. Ceram. Soc., XVII, Pt. I, p. 151, 1917; 
Klein, A. A., Jour. Amer. Ceram. Soc., III, p. 978, 1920; Kondo, 8., Microscopic 
structure of common brick, Jour. Jap. Ceram. Assoc., 370, p. 238-91, 1923; Bigot, 
A., Compt. rend., CLX XVIII, p. 569, 1924; Kempcke. E., Keramos, III, p. 551, 
1924; Kitel, W., Keram. Rundschau, XXIII, p. 470, 1924; Raaz, F., Muineralog. 
petrog. mitt., XX XVIII, p. 583, 1925; Cousen, A., and Turner, W. E. S8., Jour. 
Soc. Glass. Technol., 1925, p. 334; Houldsworth, H.§., Trans. Ceram. Soc. (Eng.), 
XXIV, p. 33, 1925; Harrison, H. C., and McCaughey, W.J.Jour., Amer. Ceram. Soc., 
IX, pp. 257 and 271, 1926. 
1 Jour. Amer. Ceram. Soc., VII, p. 250, 1924. 
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number of workers examining synthetic mixtures and artificial products 
of various kinds.” 

The authors investigation showed that the 3 : 2 compound is the 
only stable one at both high temperatures and at those as low as 1000° C. 
and probably much lower. 

They have identified it in sillimanite buchites from Mull in Scot- 
land,! hence the name Mullite which they have proposed. 

Sillimanite they state ‘“‘ does not form in any alumina-silica mixture 
at any temperature at which the crystals grow to a sufficient size to be 

_determinable.” The addition of fluxes to alumina-silica mixtures to 
lower the fusion-point, gave crystals at 1050° C. but these were always 
3Al203- 258102. 

Mullite was synthesized by Sainte Claire Deville and Caron? in 
1865. Vernadsky separated crystals of it from Sévres porcelain in 
1890, but assigned to them a formula 11Al,03-88i02 and Cox separated 
crystals of the material from burned fire-clay. 3 

The analysis of the material given by the several preceding authors 
make the composition as slightly more siliceous than the 3 : 2 ratio, 
but not so siliceous as the 11:8 ratio, and they agree rather closely 
with Mullite. 


ANALYSES OF MULLITES 


I II III Ivan VI VII 

SiC ae eee 29.1 29.7 | 30.07 | 28.89] 29.36 29.04] 28.2 

AL Ou 70.9 70.3) | 69.93 | Wie1t | 69.05 69.63 | 71.8 
Fe.O3 RRA renter SMe a ier hath DEALT Ol Mh tah an Geer hone Sak a é 86 4 50 
TIO sev Rees tl oie cil eee eee ees 1.12 79 
Mi GO Fie. 2e, 5te litres ute ee cacti eet |e 0.10 |NaO \ o4 
KON 

100.00 100.00 100.00 100.00 100.49 | 100.49 100.00 


I. Artificial Mullite prepared by Deville. 
II. Artificial Mullite prepared by Vernadsky. 


IV. \ Artificial Mullite prepared by Cox. 


V. Mullite from crowns of glass pots. Bowen, analyst. 


VI. Mullite from Seabank Villa, Island of Mull. (Contained .51 per cent corundum and .1 
per cent rutile which were determined separately.) Zies, analyst. 
VII. Theoretical composition 3A1l,03 -2SiOs. 


1 For description see Quart. Jour. Geol. Soc., LXVIII, p. 229, 1922; and Geol. 
Surv. Scotland, Mull sheet 44, 3rd ed., 1923. 


2 Ann. Chim. Phys., V. p. 114, 1865. 
3 Geol. Mag. (6), V, p. 61, 1918. 
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They express the belief that the X-ray spectrum cannot be used for 
distinguishing between sillimanite and mullite. 

The optical and crystallographic properties of the two are said to be 
similar. 

Mullite breaks up at 1810° C. into corundum and liquid. 

The interesting point is also brought out that the most refractory 
mixture of alumina and silica is not the 1 : 1 mixture as usually thought, 
for it begins to melt at 1545° C. The 3Al203-28i02 is more refractory 
melting at 1810° C. 

In the presence of Fe2O3 and TiOz, mullite may take these oxides 
into solid solution, changing its properties to resemble sillimanite. 

The properties of mullite and sillimanite as given by Bowen, Greig 
and Zies! are as follows: 


Mullite Sillimanite 
Orthorhombiec | Orthohombic 

Prism angle...(110 A110) 89° 13/ 88° 15! 
GlGAVage erent ely by.ce nee ||010 \|010 
: at rehe ff c=y¥ c=¥ 
Optical orientation... . \ ae eas 
Me icy 654 1.677 
Refractive indices. ... ie 1.642 1.657 
Asa EWNEIE. Banca a5 oe 2) + 45°-50° + 25° 

Sillimanite Mullite 

SG) pero pera cana rates esas av? 37.08 27 .60 
Asatte He 0S ooo rar ake 63.11 73.16 

SS ORM Ete ert och 09 ‘Wie. 


While Bowen and Greig,? Shearer,? and Norton * were apparently 
unable to notice a difference in the diffraction patterns of sillimanite 
and mullite, Navias and Davey,® point out certain differences which 


they have found in the lines of the spectra. 
J. W. Greig ® found that cyanite, andalusite and sillimanite are all 


1 Jour. Wash. Acad. Sci., XIV, p. 183, 1924. 

2 Jour. Amer. Ceram. Soc., VII, p. 238, 1924. 

3 Trans. Ceram. Soc. (Eng.}, XXII, p. 105, 1922-23. 

4 Jour. Amer. Ceram. Soc., VIII, p. 401, 1925. 

5 Jour. Amer. Ceram. Soc., VIII, p. 640, 1925; ibid., VIII, p. 296, 1925. 
6 Jour, Amer. Ceram. Soc., VIII, p. 465, 1925. 
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decomposed on heating, to mullite and silica or to mullite and siliceous 
liquid. The silica he believes is probably cristobalite. The decom posi- 
tion temperature is not sharply defined, but the rate of decomposition 
increases rapidly with rise in temperature. Since the mullite has a 
lower density than the original minerals the change involves an expan- 
sion. 

Mellor and Scott,! after a study of the action of heat on kaolinite, 
came to the conclusion that sillimanite of the same composition as the 
natural mineral ‘‘ can develop at temperatures below 1200° C. and prob- 
ably above that temperature forms solid solutions with 3Al203-2Si10o. 
A new compound is formed when kaolinite is heated to 1700° C. This 
may be 3Al203-2S8i02,” and for this they suggest the name Keramite. 
They state in a footnote that since their paper was written it has been 
described by Bowen and Greig as mullite. 

G. V. Wilson,? from a study of glass refractories found the develop- 
ment of corundum and “ sillimanite ”’ usual, with feldspar, magnetite 
and biotite occasional. 

The white, porcelain-like layers of pots and bricks are, he states, 
often packed with minute needles of “ silliimanite, but siliceous clays 
practically never.” 3 

The formation of hematite has been noted by Belliere, who says 
that lamellar crystals of it were formed at the mouth of a covered porce- 
lain crucible which had been in a pottery furnace during one burning.* 

S. Kondo,° in describing the petrography of a number of bricks fired 
at cone 09 — 05, notes the presence of considerable amounts of “ silli- 
manite.” 

Fluxing and resorption.— Klein © found that in quartz—feldspar mix- 
tures fired up to 1340° C. the quartz dissolves only to a small extent in 
the feldspar glass, but that at 1460° C. the quartz is practically com- 
pletely dissolved in mixtures haying as much as 50 per cent quartz 
content. 

At 1340° C., the kaolinite of a kaolin-feldspar mixture dissociates 
entirely, and what he calls amorphous and crystallized sillimanite in- 
creases with an increased content of kaolin. At 1460°C., 10 per cent 
kaolin appears to be entirely soluble in feldspar glass. At 1310° GC.) in 
quartz-clay-feldspar bodies the feldspar is a glass, with the clay almost 


‘Trans. Ceram. Soc. (Eng.), XXIII, p. 326, 1923-24. 

* Jour, Soe, Glass. Tech., I, p. 177-216, 1918. 

* Wilson, G. V., Jour. Soc. Glass. Tech., II, p. 177, 1918. 

* Ann. soc. geol. Belg., XLVII, p. 174, 1919; Rev. Geol., 4, p. 297, 1923. 
® Jour. Japan. Ceram. Assoc., 370, p. 238, 1923. 

°U.5S. Bur. Stand., Tech. Pap. 80. 
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completely dissociated, with the formation mainly of amorphous with 
little crystallized silimanite, while the quartz is undissolved, but at 
1380°-1400° C. the feldspar glass dissolves considerable quartz. 

Klein points out in another paper, however, that time and temper- 
ature are both factors influencing the constitution and microstructure 
of a porcelain body.!. Thus a sample fired at cone 15 and soaked for 
one hour developed comparatively large crystals of “ sillimanite ” and 
extensive solution of the quartz, while one fired 1-6 times to cone 13-14, 
with a soaking period of twelve to eighteen hours, showed amorphous 
“sillimanite ”’ and only slight solution of the quartz. 

Peck,” on the other hand, says it does not seem possible to judge the 
burning temperature of porcelain bodies from a petrographic study 
without knowledge of the body composition and length of firing. 

Commercial ware ranges from a low-burned porous whiteware, in 
which except for dehydration of the clay, only the feldspar is changed, 
to high-fired chemical porcelain, which consists of glass, sillimanite 
crystallites and residual quartz. He notes the absence of tridymite or 
cristobalite, from which he concludes that the quartz dissolves more 
readily in feldspar glass, than it inverts to other modifications. 

Somers ? made a petrographic examination of a series of high grade 
clay samples that had been fired for eight hours up to 950° C., and were 
then refired for eight hours to 1150° C., while another set was refired 
for ten hours up to 1300°C. In most of those fired to 1150° C. there 
was a development of isotropic material, which in most cases had 
increased in the 1300° C. burn. In the latter set one case of what was 
taken to be sillimanite (probably mullite) development was found. 
Corrosion of the quartz was noted in a few instances, and might have 
been more widespread had the heating been prolonged. ‘Tourmaline 
and probably epidote seemed to disappear at 1150° C., but rutile, titan- 
ite and zircon were still recognizable at 1300°C. The hydromicas 
seemed to be isotropic at 1150° C. 

Heat absorbed and evolved during firing and cooling.—Navias * 
determined the heat absorbed in raising clays to 1200°C., and that 
evolved during cooling. Four clays were studied: (a) A-1 English 
china-clay, (b) North Carolina kaolin, (c) Tennessee ball-clay No. 5, 
and (d) Laclede-Christy raw flint-clay. The results obtained were as 


1 Jour. Amer. Ceram. Soc., III, p. 978, 1920. 

2 Jour. Amer. Ceram. Soc., II, p. 175, 1919. See also Mellor, Trans, Ceram. Soc. 
(ine V1, p. 71, 1917; Klem, Trans. Amer. Ceram. Soc., XVIIL, p. 377, 1916; 
Mellor and Heath, Trans. Ceram. Soc. (Eng.), VII, p. 80, 1907. 

3U.S8. Geol. Surv., Bull. 708, p. 302, 1922. 

4 Jour. Amer. Ceram. Soc., VI, p. 1268, 1923. 
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follows: (1) All four clays contained about 14 per cent moisture in the 
air-dried condition, (2) up to 420° C., during which all the hygroscopic 
and some combined water are driven out, all four clays absorbed about 
the same amount of heat, 0.46 cal. per gram per 1°, (3) between 420° C. 
and 900° G. the remainder of the combined water is driven off. During 
this period clays (b) and (d) show the same heat absorption. About 
0.7 cal. per gram per 1°. Clay (a) absorbed 0.95 and (c) only 0.53 cal. 
(4) During the final period, 900° C.-1200° C., clays (b) and (d) again 
show the same heat absorption, about 0.2 cal. per gram per 1°. Clay 
(a) showed only 0.075 cal. absorption, which is less than the specific 
heat, and hence indicates a heat-evolving action. (5) All four clays 
show the same total heat absorption (0.5 cal. per gram per 1°) over the 
whole firing period. 


FUSIBILITY 


The fusing or softening point of a clay would theoretically be a 
point in the temperature scale at which the material passes from a solid 
to a fluid condition. 

Since, however, the clay is a more or less heterogeneous mixture 
made up of mineral particles of different fusibilities some of which indi- 
vidually do not fail suddenly, it is difficult to speak of a definite fusing- 
point. Furthermore, as explained under vitrification, fusion proceeds 
progressively within the mass as the temperature is raised. 

We can see, however, that as the temperature rises, there finally 
comes a point where so much of the material has softened as a result of 
fusion that the mass is no longer able to hold its shape. 

In ceramic work the common method employed to determine the 
fusing or softening point ! of a clay is to form the clay into a pyramidal 
piece, similar in shape and proportions to the standard pyrometric cones. 

The softening point is considered to have been reached when the cone 
has bent over until the tip touches the base. 

This condition may be reached without all the material of the clay 
having been actually fused or fluxed as for instance in the case of a clay 
containing coarse grains of sand surrounded by clay substance of much 
lower fusibility. When the clayey material becomes thoroughly soft- 
ened by fusion the mass may bend over, even though the sand grains 
still retain their identity. 

The temperature at which clays fuse naturally shows a wide range, 
the fusion-point being affected by (1) the amount of fluxing impurities 
present; (2) the texture, such as size of grain of refractory and non- 


tg Bh vex tyaeg quatti 5 ; 7 
The term squatting point and deformation point are also used. 
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refractory particles; (3) the homogeneity of the mass; (4) the conditions 
of the fire, whether oxidizing or reducing; and (5) the form of chemical 
combination of the elements in the clay. 

Effect of chemical composition cn fusibility—As early as 1868, 
Richters ' pointed out that if we start with pure kaolin, whose fusing- 
point is supposed to be cone 35, and add increasing amounts of silica 
the fusion-point of the mixture is lowered, until a mixture consisting 
of about 81 per cent SiOz and 19 per cent kaolin (AlgO3-17SiOz) is 
reached, whose fusion-point is about cone 26, 
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Fic. 93.—Diagram showing effect of silica on the fusion-point when mixed with 
alumina and with kaolin. (From Seger’s experiments. ) 


Similar tests were tried by Bischof,’ and later described by Seger,® 
who expressed the fusion-points graphically, using one curve to express 
the fusion-points of a mixture of alumina and silica, and a second curve 
for a mixture of Zettlitz kaolin and silica. Since the former contained 
a small amount of potash, a small quantity of feldspar was added to each 
of the mixtures to keep the alkali content constant (Fig. 93). 

In both curves, which were originally graphed according to molecular 
weights, the eutectic was at the same AloO3 : SiOz ratio, but was lower 
for the kaolin-quartz mixture than for the alumina-silica, which was 


cone 29. 


1 Dingl. Polytech. Jour., CXCI, p. 59, 1869. 
2 Die feuerfeste Thone, 2nd ed., p. 61; also Dingl. Jour., CC, p. 289, 1871. 


3 Gesam. Schr., p. 435, 1896; Collected Writings, I, p. 545. 
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If now a pure clay in addition to containing silica, also contains 
so-called fluxing ingredients such as iron oxide, lime, magnesia and alka- 
lies the fusion-point will be still further lowered. 

It might be said in a general way that other things being equal, the 
temperature of fusion of a clay will fall with an increase in the percentage 
of total fluxes. If we compare the analyses of a brick-clay and a fire- 
clay, we shall find that the analysis of the former shows perhaps 12 to 15 
per cent of fluxing or fusible ingredients, while that of the latter may 
show only 2 or 3 per cent, and that their fusion-points are perhaps 
1093° C. and 1644° C., respectively. But while in general the fusion- 
point falls as the percentage of fluxes rises, it is thought that the different 
fluxes exert a different fluxing influence; that is to say, it requires more 
of one than another to bring about the same degree of fusibility. More- 
over, there is a variation in the temperature at which the different ones 
become active. 

One of the first investigators to throw some light on this subject 
was a German by the name of Richters. He formulated three laws, as 
follows: 


1. The refractory quality of a clay of any given proportion of silica 
and alumina is most influenced by the fluxes in the following order: 
MgO, CaO, FeO, Na2O, K20. 

2. Chemically equivalent quantities of these oxides exert equal 
influences on the refractoriness of a given clay; that is, 40 parts of 
magnesia, 56 parts of lime, 72 parts of ferrous oxide, 62 of soda, and 
92 parts of potash will each produce an equal degree of fusion in the 
same quantity of the same clay. 

3. If a number of fluxes are present in a clay, the fusibility produced 
will be proportional to the sum of their chemical equivalents. For 
example, a clay with the formula 


0.15 KoO } ; 
CAN Aare sien 
0.15 CaO j , Al2O3, 28102 


should fuse at the same temperature as one of the composition 


0.1 KsO 
0.1 CaO }, AlsO3, 2SiOo. 
(0), Feo | 


. In working out these laws, Richters used a series of alumina-silica 
mixtures, to which known proportions of the fluxes were then added. 
In his first series he employed silica and alumina mixed in the same 
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proportions as in kaolinite, while in a second but similar series he 
used a higher silica percentage than is present in kaolinite. 

Considering the case of silica and alumina in the proportions that 
they exist in kaolinite, it is found that they have a fusion-point of about 
1830° C., or cone 36 of the Seger scale. The continued addition of 
silica to this lowers its fusion-point until the ratio of AlyO3, 17SiOz 
(or 1: 10 by weight), is reached, the fusion-point of this being about 
1650° C., or cone 29, but a continued increase of silica raised it. 

Silica, therefore, is to be regarded as a flux to alumina, at high 
temperature, and should not, therefore, be present in excess in refractory 
clays. 

Moreover, the presence of silica in a clay seems to intensify the effect 
of other fluxes. 

Cramer ! at a later date attempted to verify Richter’s experiments, 
but found that the fluxing power of oxides is only true in so far as it 
concerns kaolinite, while in the presence of free silica he found the flux- 
ing power as follows: FeO, MgO, CaO, NazO, K2O. In other words, 
if free silica is present the oxides do not act according to their chemical 
equivalency, 72 parts of ferrous oxide, for example, being more effect- 
ive than 40 parts of magnesia, etc. 

Rieke ? in duplicating Richter’s work in 1910, obtained somewhat 
different results. 

He pointed out that the effect of equimolecular amounts of the dif- 
ferent basic oxides is not the same in lowering the softening temp, and 
that even Cramer’s curves showed this. 

Thus in the alkaline earth group the oxides of the lowest molecular 
weight were found to lower the softening point most markedly, and those 
of higher molecular weight, least, considering equivalent additions. 

Flack ? obtained similar results. 

Important as the results of Richter and Cramer are, the laws do 
not hold true for the changes ordinarily taking place in a kiln, even 
though they be burned to vitrification. That is to say, the law only 
holds true when all the elements of the clay can take part in the fusion of 
the mass; in other words, when it has reached a state of complete fusion. 

In the melting of a clay, a reaction occurs between the silica, alu- 
mina, and the various fluxes, giving rise to the formation probably of 
complex silicates, and it is supposed that the various elements enter 
into combination in the same form. ‘Thus iron, whatever its state of 
oxidation in the clay, is believed to enter into combination in the fer- 

1 Tonindus.-Zeit., Nos. 40 and 41, 1895. 


2Sprechsaal, XLITI, p. 198, 229, 314. 
3Sprech., XLIV, pp. 171, 187, 205, 219. =a 
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rous form, and therefore its fluxing power is regarded as due to the 
action of ferrous oxide. So, too, lime enters into combination as CaO, 
magnesium as MgO, and sodium and potassium as NazO and K2O, 
respectively. 

Richter’s work on the fusilibity of clays has been more recently 
discussed by Ludwig ! from the view-point of modern chemical theories: 

“ The fusion of silicates results in the production of igneous solu- 
tions holding dissolved various silicates. Thus Seger cone No. 1 con- 
sisting of a mixture of feldspar, kaolin, quartz, and ferric oxide, is, when 
fused, a mutual solution of feldspar, quartz, augite or hornblende. 
If we could cool this mass slowly, these silicates would crystallize out 
one after the other. This has actually been done by Prof. Vogt of 
Christiania, who has shown that the temperature of fusion is always 
highest when only one definite silicate crystallizes eut, and lowest 
when it represents a mixture of several silicates. This coincides per- 
fectly with the general phenomenon observed in all solutions, namely, 
that, on dissolving any substance, a decrease of the melting-point takes 
place. It is immaterial whether the melting-point lies at 0° or at 
1200° C. The compositions of the slags and glazes are practical illus- 
trations, Inasmuch as the most fusible combinations of either kind of 
silicate are always the most complex ones. When two silicates are 
combined, they invariably result in a mixture having a lower melting- 
point than either, owing to the formation of the so-called eutectic 
mixture. Thus, mono-calcium silicate fuses at cone 15; on adding 
one molecule of silica to two molecules of this silicate, the melting-point 
falls to cone 7, but on adding more quartz the fusion-point again rises. 
Again, in a clay containing besides silica and alumina the various fluxes, 
the melting-point is governed by the fusing-point of the eutectic mix- 
ture of these constituents, which represents the most fusible combina- 
tion possible. This explains also why feldspar begins its fusing effect 
in a body much below its melting-point. The eutectic mixture is 
invariably high in fluxes at the lower temperatures, but takes up more 
and more silica as the temperature is raised. Silicates proper are more 
fusible than high alumina mixtures, and hence more silica is brought 
into solution than alumina, which is dissolved only at high tempera- 
tures. This explains the fact that aluminous clays show the greatest 
refractoriness. As the solution increases in amount the clay softens, 
and finally, when there remains but little undissolved matter, fusion 
takes place. ‘This manner of melting is characteristic of solutions 
while substances homogeneously crystalline melt suddenly without soft- 


; 1 Tonindustrie-Zeitung, XXVIII, p. 773, 1904. The abstract of the paper here 
given is that of Bleininger, Trans. Amer. Ceram. Soc., VII, p. 275, 1905. 
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ening. Thus the final melting-point depends upon the ratio of the 
alumina to the silica and the amount and kind of flux. 

“The foundation of these fusion phenomena is the following general 
law applying to dilute solutions: 

“ Wqui-molecular quantities of different substances dissolved in equal 
amounts of the same solvent lower the melting-point in the same degree. 

“The law applies to substances in general, indifferent as to whether 
they are bases or acids, the only requirement being that they are soluble. 
With reference to clay we must therefore consider lime, magnesia, potash, 
soda, and titanic acid as the dissolved substances. 

“Tf now we are to compare refractory clays as to their melting-points 
we must calculate the molecular formula of each clay, making the alumina 
equivalent equal to unity and adding the equivalents of various fluxes, 
obtaining thus a formula like 


AlsO3 + 2.1258102 + 0.0755RO. 


‘“‘ Since in this expression there are but two variables, Ludwig plotted 
the silica equivalent as the abscissa of a curve and ten times the equiva- 
lent of the RO as the ordinate, and in this manner he located various Ger- 
man fire-clays in a chart, verifying the clays by their melting-points in 
Seger cones. 

“ Richter’s law, strictly speaking, applies only to dilute solutions, 
and hence if the amount of fluxes is considerable the law loses much of its 
force. It does not apply, therefore, completely to glazes or glasses. 
Differences from this general law are not due to chemical reasons, since 
it does not matter in what chemical combination a flux enters into a 
clay, whether as feldspar or as potash, but must be sought for in the 
different mechanical conditions. 

“‘ Ludwig summarizes his work in the following conclusions: 


“1st. Richter’s law is a special case of the general law of dilute 
solutions. 

“9d. This law is restricted by the following conditions: 

“ (a) It applies only to very dilute solutions, that is clays with a 
sraall amount of fluxes and not to brick-clays or glazes. 

“(b) It assumes intimate mixture. 

“ (ce) Iron shows a different effect, due to its two stages of oxidation, 
since one molecule of ferric oxide corresponds to two molecules of ferrous 
oxide. A given percentage of iron contains fewer molecules of ferric 
oxide than of ferrous oxide, since the former has a higher molecular 
weight. On changing to the ferrous oxide the number of molecules 
is doubled, and hence the fluxing effect 1s doubled. 


298 PHYSICAL PROPERTIES OF CLAY 


“3d. The analysis of a fire-clay is of great importance in estimating 
the refractoriness. 

‘Ath. The estimation of the refractoriness by means of the percent- 
ages of alumina and fluxes leads to erroneous results.” 

A somewhat interesting chart has been prepared by Ludwig for deter- 
mining the refractoriness of a clay from its chemical composition. 

It is based on the assumption that the clays are solid solutions of the 
mineral impurities of the clay. If this view is true, they would reduce 
the melting-point in proportion to their molecular concentration. 
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© Indicates cones 
© Indicates clays 


Fig. 94.—Ludwig’s fusibility chart. 


Ludwig determined the refractoriness of a number of clays, and then 
calculated their formula, as xRO-Al2O3-ySiO2, assuming alumina as 
unity. His calculations are given in the following table: 

The refractoriness of the clays was plotted on a graph (Fig. 94), with 
the molecular ratios RO as ordinates, and SiOz as abscissae. Plotting 
the iso-refractory lines corresponding to the Seger cones on this graph, 
the refractoriness of a clay whose composition is included in the chart 
may be determined. The chart is said to be of little value for clays 
containing above 6 per cent RO bases. 

To apply Ludwig’s formula, one must have a chemical analysis of 
the clay, the making of which involves much more time than needed for 
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an actual fusion test. It seems also to be applicable only to relatively 
pure clays. Attempts made to check it with a series of Iowa clays! 
show that out of sixty clays plotted, for which the fusion-points had 
already been determined, there was actual agreement in only six cases, 
and usually the actual fusion-points were five to six cones lower than 
those indicated by the chart. 

A series of British fire-clays,? all above cone 28 in fusing-point, were 
plotted on the Ludwig chart, and the ‘‘ agreement between the observed 
and the calculated results is fairly good, but discrepancies occur which 
may amount to as much as two cones.” 

Kaolin, Quartz, Feldspar Mixtures—It was found by M. Simonis,? 
that of a series of mixtures of these three substances, the mixtures 
of feldspar and kaolin fused at higher temperatures than feldspar- 
quartz mixtures, although the melting-point of the quartz was higher 
than that of the kaolin. With a content of 70 per cent of feldspar 
the two curves were found to intersect. With 85 per cent feldspar 
the kaolin mixture fused lower than the corresponding quartz mix- 
ture. The fusion curve of kaolin and quartz showed the minimum 
fusing-point to be 1 molecule AlsO3 to 17 molecules of SiOz. The 
minimum fusing-point of 25 per cent kaolin and 75 per cent quartz 
was found to lie between cone 263 and 26%. The table on p. 301 shows 
the melting-points of a number of feldspar-quartz-kaolin mixtures: 

Simonis plotted the compositions on a triaxial diagram and 
connected the points by isothermals. In this way the two refractory 
areas, one high in clay the other high in quartz, are clearly located 
as well as the areas of soft porcelain, whiteware, and hard porcelain. 
The feldspar invariably acts as a neutral and constant flux. Hence, 
in order to determine the melting-point of a porcelain or white- 
ware mixture, 1t is necessary only to divide the clay and quartz into 
the ratio of 1:3 and to consider the balance as raising and the feld- 
spar content as lowering the fusibility. This consideration applied 
only to bodies containing not more than 60 per cent feldspar, and 
the mode of calculation is simply a practical one which has worked 
out very well in practice. If the percentages of kaolin, quartz, and 


5 . : : 5 : : qu 
feldspar are 2, qu, and f, for bodies high in clay in which z > a the 


: qu . See ero 
refractory index = z — -—- — f + 60. For bodies high in quartz, where 
oO 


* Beecher, In. State College, Eng. Exper. Sta., Bull. 40, 1915. 
Enos and Scott, Mem. Geol. Surv. Gr. Brit., XXVIII, 1924. 


3 Sprechsaal, No. 29, p. 390, and No. p. 30, 402, 1907. Abstracted by Bleininger, 
Amer. Chem. Soe. Abstracts. 
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the value of the refractory index in terms of the Seger cones, the following 
table is given: 


Refractory index....... L725) || 22216 28 33.7 | 39.2 | 44.6 50 57.6 
eT SNECOME Wen te Nciai cians are 14 15 16 17 18 19 20 26 
Refractory index....... 65 72 80 | 89 102 114 127 |141 
Dever CONC w. a5. «54 Meee PA 28 29 30 31 32 Bish |eay! 


The melting-points of these mixtures were determined in electric 
carbon resistance furnaces. 

Montgomery and Fulton have pointed out after studying the com- 
position and softening point of fifty-seven refractory clays that (1) 
the Si0g — Al2O3 eutectic curve limits the refractoriness of a clay;! 
(2) the drop below this eutectic line in cones depends primarily upon the 
per cent of flux present; (3) as the amount of flux increases its activity 
increases rapidly; and (4) about 14 to 18 per cent alumina (based on 
alumina plus silica = 100) will give the maximum activity of the fluxes 
present. 

1 Trans. Amer. Ceram. Soc., XIX, p. 303, 1917. 
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Bischof’s formula.—One of theearliest developed was that of Bischof,? 
whose expression, termed the Feuerfestigkeits-Quotient, is as follows: 


(Oxygen in AlzO3)? 
~ (Oxygen in RO) (Oxygen in SiOz)’ 


F.Q. 


in which RO represents the sum of the fluxes, each considered as the 
protoxide. The F.Q. may range from a small decimal to 25. 

According to this formula the fusibility of a clay will vary directly 
as the square of the oxygen in the alumina, and inversely as the oxygen 
in the fluxes and silica, and Bischof concluded that the amount 
of alumina in a clay practically influenced its fusibility. 

Bischof, on the basis of this formula, classified fire-clays into seven 
types or groups, in which the most refractory has a value for F.Q. 
of 14, and the least refractory that is used for fire-brick has a value 
of 1.6. He selected seven type clays, which he considered repre- 
sentative of each of these groups. 

Objections to Bischof’s formula have been stated by Wheeler ? as 
follows: 


“1. That while an increase in the percentage of alumina decreases 
the fusibility, when it becomes very high it acts the part of an acid 
instead of a base and tends to lower the fusing-point, or the reverse 
of Bischof’s formula when this point is reached; neither does the fusi- 
bility decrease when the alumina is in moderate amounts, at the rapid 
rate of the square of the alumina. 

‘2. When the silica is present in amounts greater than a mono- 
silicate (which is always the case with clays), the fusibility decreases 
as the silica increases, which is just the reverse of Bischof’s formula. 

“3. As a broad rule, the fusibility increases as the bases increase, 
at least to the extent that they occur in clays; but there is a very great 
range of fusibility according to the bases that are present. The alka- 
lies are more readily fusible than the ferrous oxide, and this in turn 
than the lime or magnesia. Again a mixture of bases is more fusible 
than a single base, and the greater the number of bases the greater 
the fusibility. Bischof’s formula, however, pays no attention to the 
bases present, or the number of them. 


“4. Again equal weight is given to all fluxes, and all physical factors 
are ignored. 


1 Die feuerfesten Thone, p. 116. 
* Mo. Geol. Surv., Vol. XI, p. 146, 1896. 
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Seger’s formula.—H. Seger,! recognizing the unsatisfactory character 
of Bischof’s formula, suggested the following substitute: 
AloO3)e AlsO: 
RO, = ce a) C 
RO X Si0e RO 


While this formula gives better results, it likewise neglects porosity 
and texture. 

Wheeler’s formula.— Wheeler ? has suggested a formula for express- 
ing the relation between the detrimentals and non-detrimental constitu- 
ents of a clay, which he terms the Fusibility factor. It is 


N 


Li = 
D+D” 


* 
in which N = sum of total silica, alumina, titanie acid, water, and car- 
bonie acid; 
D = total fluxes, namely, alkalies, iron oxide, lime, magnesia; 
D’ = sum of alkalies. 


This formula makes no distinction between free and combined silica 
and assumes that silica in a free state does not act asa flux. The alkalies 
are added twice, because of their supposed greater fluxing power. This 
formula is applicable however only to clays which are physically alike. 

For those differing physical properties Wheeler suggests the fusi- 
bility factor 


FF yy 
D+D/+C’ 
C having these values: C = 1 when clay is coarse grained and specific 


gravity exceeds 2.25; 

C = 2 when clay is coarse grained and specific 
gravity ranges from 2 to 2.25; 

C = 3 when clay is coarse grained and specific 
eravity ranges from 1.75 to 2.00; 


C = 2 when clay is fine grained and specific 
gravity is over 2.25; 

© = 3 when clay is fine grained and specific 
gravity is from 2 to 2.25; 

C = 4 when clay is fine grained and specific 


gravity is from 1.75 to 2.25. 


1 For discussions on development of this formula, see Collected Writings of Seger, 
Translation, I, p. 486, 1902. 
2Mo. Geol. Surv., Vol. XI, p. 149, 1896. 
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While this formula is a step in the right direction, it is not altogether 
satisfactory, as, for example, the values are not specific because there is 
no accurate method of expressing the fineness. Moreover, the specific 
gravity is not the true specific gravity. 

There is, after all, some question in the author’s mind whether a 
formula involving the necessity of at least a chemical analysis and 
specific-gravity determination is any more valuable than a statement 
of the actual temperature or cone of fusion. 

Effect of texture—It seems hardly necessary to point out that 
texture as well as distribution of the constituents must exert an impor- 
tant effect on the fusion-point of a clay. If the grains of the clay are 
not all very fine and the constituents uniformly mixed one can hardly 
expect a clay to fuse at the point indicated by Ludwig’s or any other 
formula. 

This fact was pointed out by Ries ! using artificial mixtures of vary- 
ing texture. The same writer has also called attention to the fact that 
some New Jersey fire-brick ? showed a fusion-point of cone 33, which 
was considerably higher than the fusion-point of the silica-alumina ratio 
in them. On grinding the brick sufficiently fine to pass through a 100- 
mesh sieve, remolding into cones and heating, it was found that the 
fusion-point dropped to cone 27. 

W. Schuen ? has also pointed out the lack of agreement between 
the fusing-pomt of a number of clays and their composition as compared 
with Seger cones, and considers it due to difference in grain size. The 
additional point is made that the method of combination is not without 
influence on the fusibility. 

The results of some experiments made by H. O. Hofman and 
B. Stoughton,* would seem to be contrary to the views expressed above, 
since they claim that fine grinding of fire-clays does not affect their 
refractoriness. It was very evident, however, that the materials they 
worked on were quite homogeneous, and in such cases texture would 
exert little influence on the fusibility. 


Meruops or Mrasurina Fusipiniry 


The methods used for measuring the fusibility of clays may be 
divided into two classes, namely, the direct and indirect. 
Direct methods.—The temperature at which a clay fuses is deter- 
mined either by means of test-pieces of known composition or by some 
‘Trans. Amer. Inst. Min. Engrs., XX XV, p. 205, 1904. 
?N. J. Geol. Surv., Fin. Rept., VI, p. 330, 1904. 
* Keram. Rundschau, XXIII, p. 565, 1925. 
*Tra>s. Amer. Inst. Min. Engrs., XXVIII, p. 440, 1898. 
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form of apparatus or mechanical pyrometer, the principle of which 
depends on the expansion of gases or solids, thermoelectricity, spectro- 
photometry, ete. 

While there are many different forms of these on the market a few 
only, especially those which have been most commonly used, need be 
described. 

Seger cones.—These test-pieces consist of a series of mixtures of clays 
with fluxes, so graded that they represent a series of fusion-points each 
being but a few degrees higher than the one next to it. 

Fusible cones were really invented by Lauth and Voght,! but they 


Fic. 95.—Seger cones used for determining heat effects in kilns. Nos. 7 and 8 

were completely melted; No. 10 was slightly softened; No. 12 was unaffected; 

No. 9 was bent completely over, but not melted. The fusing-point of cone 9 was 
reached. 


were not put to a practical use until described by Seger in 1886. 
The materials which he used in making them were such as would have 
a constant composition, and consisted of washed Zettlitz kaolin, Ror- 
strand feldspar, Norwegian quartz, Carrara marble, and pure ferric oxide. 
Cone 1 melts at the same temperature as an alloy composed of one 
part of platinum and nine parts of gold, or at 1150° C. Cone 20 melts 
at the highest temperature obtained in a porcelain furnace, or at 1530° C, 
The difference between any two successive numbers is 20° C., and the 
upper member of the series is cone 42. Cone 36 is composed of a very 
refractory clay slate, while cone 35 is composed of kaolin from Zettlitz, 
Bohemia. A lower series of numbers was produced by Cramer, of 
Berlin, who mixed boracie acid with the materials already mentioned. 


1 Bull. Soc. Chim., XLVI, p. 786, 1886. 
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Hecht obtained still more fusible mixtures by adding both boracic acid 
and lead in proper proportions to the cones. The result is that there is 
now a series of 64 numbers, the fusion-point of the lowest being 590° C. 
and that of the highest 2000°C. As the temperature rises the cone 
begins to soften, and when its fusion-point is reached it begins to bend 
over until its tip touches the base (Fig. 95). For practical purposes 
these cones are very successful, though their use has been somewhat 
unreasonably discouraged by some. They have been much used by 
foreign manufacturers of clay products and are widely used in the United 
States. 

An important point to emphasize is that Seger cones are not intended 
to be used for measuring temperatures, even though their fusing-points 
are expressed in degrees temperature. Rather are they for the purpose 
of measuring pyrochemical effects. 

Sosman ! has pointed out that the existence and influence of eutectics 
seems to make temperature measurements by cones uncertain, and 
that to obtain sharp indications of temperature, unaffected by the rate 
of heating only pure compounds or pure eutectics can be used. A num- 
ber of these occur among the silicates, which melt promptly at definite 
temperatures. 

This limitation of cones as regards their use for temperature measure- 
ment has been noted by a number of other writers.” 

Effect of time on melting-point.—Time appears undoubtedly to be 
an important factor in determining the deformation point of cones, and 
the fact has been brought out by several writers that slow heating in a 
large kiln, will cause a cone to bend over below its theoretic melting- 
point. Zimmer ? has pointed out that with slow firing in a large biscuit 
kiln the cones | to 9 reached their melting-point, 25° C. to 30° C. lower 
than those placed in a small trial kiln whose temperature increased faster, 
but since it is heat effects and not degrees temperature that are being 
measured, this makes no difference. 

Some definite figures on the effect of the rate of heating on the soften- 
ing point of Seger cones, as determined by the Bureau of Standards # are 
given below: 


1 Trans. Amer. Ceram. Soc., XV, p. 482, 1913. 

* Bleininger and Brown, U. 8. Bur. Stand., Tech. Pap. 7, 1912; Brown and Mur- 
ray, Trans. Amer. Ceram. Soe., XV, p. 193, 1913; Fieldner, Hall and Field, U.S. 
Bur. Mines, Bull. 6, p. 129, 1918; Stover, Trans. Amer. Ceram. Soc., XV, p. 364, 1913; 
Lewis and Ries, Chem. Met. Eng., XX XIII, p. 153, 1926. 

§ Trans. Amer. Ceram. Soc., I, p. 23, 1899. 

“U.S. Bur. Stand., Tech. Pap. 17, p. 27. 
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Sorrentne Point or Seger (Orron) Cones, Hearep at Dirrerenr Rares 


Rate of heating, ° C. per hour Rate of heating, ° C. per hour 
Cone Cone 

42.5 26.5 20.0 12.5 42.5 27.5 20.0 12.5 

010 885 885 880 910 1 1100 1085 1090 1070 

09 920 930 950 890* 2 1110 1090 1100 1075 

O08 950 970 970 965 1120 1110 1110 1080 


07 960 975 950. 970 
06 990 1000 990. 995 
05 1015 1035 1025 1030 
04 1040 1055 1040 1045 
03 1055 1065 1050 1050 
02 1065 1070 1065 1060 
OL 1080 1080 1080 1070 


| | 


* This figure may seem out of line, but G. H. Brown states that it is correct (private communica-+ 
tion.) 


1130 1125 1115 1090 
1140 1135 1125 1110 
1170 1140 1135 
1185 1155 1140 1125 
1200 1170 1160 1150 
1230 1190 1180 1190 


OO TO OP 


Effect of kiln gases.—The action of kiln gases on i1ron-bearing cones 
especially has also been observed.! 

Seger cones exposed to the action of a reducing atmosphere (coal 
gas) while heated in an electric furnace, were found to stand up at 
temperatures far above those at which they were supposed to melt, due 
to the formation of a superficial crust covered and impregnated with 
lustrous carbon. The interior of the cone was slagged.? 

Appreciable amounts of sulphur or SO2 may materially affect the 
end-points. Carbon may form a refractory skin on the surface of the 
cone and prevent it from bending even though the interior melts.* 

Factors controlling behavior of cones.—The factors controlling the 
action of cones during their heat treatment are of two kinds.* 

(a) Those controllable to a large extent by the maker, including: 
(1) Size and shape; (2) texture; (3) intimacy of mixture; (4) porosity 
and homogeneity; (5) chemical and mineralogical composition; (6) 
physico-chemical composition of materials and particles, including 
whether they are crystalline, colloidal, amorphous or glassy, and 
whether water of crystallization, dissolved or adsorbed gases, etc., are 
present, and (7) unknown factors controlled by fixed methods of making. 

(b) Those controlled to a greater or less degree by uses: (1) Mount- 


1Trans. Amer. Ceram. Soc., II, p. 60, 1900. 

2 Trans. Ceram. Soc. (Eng.), X XI, 1921-22; Gas World, LXXIV, p. 508, 1921. 
8 Henderson, H. B. Jour. Amer. Ceram. Soc., LX, p. 740, 1926. 

4 Fairchild and Peters, Jour. Amer. Ceram. Soc., IX, p. 106, 1925. 
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ing and position; (2) oxidation of organic binder; (3) release of H2O 
and CO2; (4) rate of firing; (5) furnace atmosphere; (6) absorbed or 
deposited carbon in ceramic products. 

From time to time various observers have redetermined the fusion 
points of different parts of the series and have usually come to the con- 
clusion that the fusion temperatures needed revision.! 

The most recent determinations of the melting-points of cones are 
those made by Fairchild and Peters.2 They determined the tempera- 
tures of the end-point of a complete set of cones at carefully controlled 
rates of heating in clean air and in various kiln gases. They state that 
with “ few exceptions the end-points were found to be higher when the 
rate of heating was 150° C. per hour than when the rate was 20° C. per 
hour. Under slow heating in gases free from SOz the end-points of 
cones .015 to .01 are somewhat higher than those shown in clean air. 
Cones .022 to .016 and 1 to 42 were acted on only slightly by kiln 
gases free from SOz.”’ 

Comparison of different makes of cones.—While the different mem- 
bers of any one make of cones are usually consistent with each other, 
the same numbers of different makes do not always agree. This fact 
was well brought out by H. E. Ashley,? who tested the different makes 
together, plotting the results of his tests in the table shown in Fig. 96. 
In this the Columbus cones are spaced equidistant for convenience. 
The temperature at which the cones are supposed to melt, as given by 
the Tonindustrie-Zeitung, are placed to the left of the Orton (Columbus) 
cones in the figure, while the temperature at which Geijsbeek * found 
them to melt are given in a corresponding column on the right of them. 
The column on the extreme right gives the melting-points of Holdcroft 
& Co.’s patent thermoscopes. These are straight, dry-pressed bars, 
placed horizontally with a support at either end. Under the influence 
of heat they sag in the middle. 

1 Bleminger and Brown, U.S. Bur. Stand., Tech. Pap. 7, p. 15; Bradshaw and 
Emery, Trans. Ceram. Soe. (Hng.), X XI, p. 117, 1921-22; Cole, Jour. Amer. Ceram. 
Soc., VII, p. 462, 1924; Geijsbeek, Trans. Amer. Ceram. Soce., VI, p. 94, 1904; and 
XIV, p. 849, 1912; Hofman, Tonind.-Zeit., XXI, p. 13866, 1907; Hottinger, Trans. 
Amer. Ceram. Soc., II, p. 183, 1902; Klug, Sprechs., LIX, p. 21, 1926; Loeser, 
ibid., XL, p. 499, 1907; Mellor, Trans. Ceram. Soe. (Eng.), VII, p. 79, 1910; Rieke, 
Keram. Rundsch., XLIV, p. 549, 1911; and XLIV, pp. 143 and 726, 1911; Rothe, 
ibid., XLIV, p. 481, 1907; Rothe, Tonind.-Zeit., XXXI, p. 1366, 1917; Simonis, 
Sprechs., XLI, p. 561, 1908, and p. 71, 1902; Sosman, Trans. Amer. Ceram. 
Soc., XV, p. 482, 1913; Zimmer, ibid., I, p. 23, 1899. 

? Fairchild, C. O., and Peters, M. F., Jour. Amer. Ceram. Soc. IX, P. 701, 1926. 

$‘Trans. Amer. Ceram. Soc., VIII, p. 159, 1906. 

‘Trans. Amer. Ceram. Soc., Vol. VI, p. 94, 1904. See also Cole, 8. S., Jour. 
Amer. Ceram. Soc., VIII, p. 462, 1924. 
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ENpb-POINTS OF Pyromerric Cones AS DererMINED BY FAIRCHILD AND Prerprs 


End-point 


picnber Composition : oun aa 
of cone Rate, 20° C. |Rate, 150° C. 
per hour per hour 
Pe ey yt Oo 585° C. 605° C. 
021 |{ 2 peo } 0-1 ALOs {7:2 Wael ouae gar ae 615°C. 
Omen ye Ce ALOL Le BOs \...] 625°C edi 
DO IS go ie Wiel eg oO ae nee 
018 i{ $e pro }0-4 ALO {78 We 670° C 720° C. 
017 1{0°3 PoO } 9-5 ALOs{ 7) iG, 720° C 770° C. 
016 |{ 0°2 poo. } 0-55 ALO: {FBG 735°C. | 795°C. 
015 I{ 0-2 pee }0-6 AlLOs { $5 Ney 770° C 805° C. 
pe ee "Eto 0.65 ALO: a oo 795° C 830° C. 
B18 nel 0.7 ALO: { 3:4 eed 825° C 860° C. 
O11 |{ 95 BO S08 ALOs{ 19 BA, s75°C. | 905°C. 
no [84 Heo} 92 Heme BAO) | aworc, | asec 
09 {07 caolo:s Alo: { 0:43 BG: 930°C. | 930°C. 
068 |{07 Giolo3s AOL { 0.40 Bis 945°C. | 950°C. 
07 {0:7 G20}0.3 ALOL{ 0.33 Bios 975°C. | 990°C. 
oo SE SE SER | owe | mee 
05 (0.7 Cao} 0:3 Also: { 0:25 BO, 1o30°C. |. 1040° 6. 
oe (8S ROE RE) | marc | sawrc 
03 (07 Cao} 08 Aloe 0.15 Bio, 1os0° 0. ] 115°C. 
02 1(0°7 Gao} 0.3. Akos { 0:10 B.0, 195°C. | 13s" C 
Ot |(0:7 Gao} 08 Atos {0.03 B.0, 110°. | 145°C, 
Me eten) os) ico! 4 Oi ee 112 Od 21 160°C. 
BM he oly caro! pt SiO>. eta Ish 0 eal 1a5°C. 
Smee oer Via wa ASO, eee 4s Ce eh 11708 O 
MM ee) 0:8. ALOMSI01. Ven aes 1165°C. | 1190°C. 
Bee ote 210.5. ALLO,5010; 0c neal 11808 C.= 120580. 
SM ee 0.6 PALO 65:0r, 2 rcte ae a|, 1100? Cle) 123020: 
MM e211 087 MALO fS10 nner asl) l210" Ca |) 7 1350°C, 
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Enp-points or PyroMETRIC Conus AS DETERMINED BY FAIRCHILD AND Prerers—Cont. 


End-point 
a ee Composition | Rate, 20° C. |Rate, 150° C. 
__|__per hour per hour 

g |{9-3 1:0) 9 8° A1,0,88i0 1225° C 1260° C 

0.7 C20 } , QU30D10 2.26262 22 ee ee ee . . 
9 |{93 K:Q\ 0.9 Al098i0............--.] 1250°C. | 1285°C. 
10 |{ 0-3 K:O\1.0 Al0,108i02.............] 1260°C. | 1305°C. 
fe P08 RO 41 2 “A1,0s1280s tee ear coe eel eRe | ence 
2 (9-3 BO \4.4 AlO,148i02.............] 1310°C. | 1385°C. 
13, |{ 9-3 H:0 1416 AuO,t68i0............-.] 1850°C, | 1350" 
14 0.8 ene s ‘Al,Oc 860s) = ae ee) ison 1400° C. 
ipo ote Al,O@1810,-..c2....02.|. 44007 deo 
16 ne ae DONT. 00410. ee 1450°C. | 1465°C. 
17 Hf 0-8 R009 7 A1,027810.02, oes cee | eee reece 
Ls aeliie ae a oon Al,0;31830,. ~.<-..-02 2) 2 1485 eG® “ eiagou 
A eR eerie NOP US Piaget. 1515°C. | 1520°C. 
20 0-8 Ka) 13 9 1A1,0:89810..20. ce ees) eee net eG ane 
21 eat el Ag Al O4510, ee eee | 
py A ay VO ALLOUGSO. eee 
Ps 012 KO Nears Tate 

{017 Cao } 5-4 2 30 MO CSR loin oes ies og.0||| pichero loch oes | 1580° C. 
20am ie E26 } 6-0 11,0,60810 aa eee 
ay ne G26 } 6-6 ‘Al,0.66S100 a eee 

OBacOe et ee 
26 ie Cao } 7? AlO;728i03.....00128 se) py ape aibon gee 
a7 Wf 6-8 1626 | 20 JAL0.2008i01.,..oe eh eine eC 
D8 7a ATO p10, Sine ee eee eee oe per hour 1615° C. 
29 Al,O3 8 SiO, GOON OOOO PI Gia Gab aera G5\{ 200 28 
302 HIAlOg (6'SiOgnieotens ce ae a ee seo 
31 |-AlQs. 6 SiQes.t sass ee 1680° C. 
B2 | Ales. 4'SiOa. che cc ee ke 1700° C. 
83° [A100 8 SiQgs cee... ch ee 1745° C. 
BYE lWWNROMMO RECKON. 1755° C. | -1760° CG. 
BR STL ALOs 2 ae Sin 9 Ae) ee 1775° ©. 785°C. 
38- || AlOs 1.8 SiO; suc eo ana rata nose 
37 ALO SOs eee 1830°G. | 1820°C, 
33° 1 /Al.O, 1888 SiOn Glee |) 18508: i isa6 a! 
39 | Al,Os 1.00 SiOa.. ss .on... 0 ee cane at j 
40 © MAIO; 6GSiOa 0 en le ee 1885° C. 
Al“ Al.Oy 33° SiOs.e. 5.9 Gree 1970° C, 
PDs WN RG ae. ss oii. oe. oot ee 2015° C. 
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Similar differences between different makes of cones still exist.} 

Use of cones.—In actual use the cones are placed in the kiln at a 
point where they can be watched through a peep-hole (Fig. 97), but at 
the same time will not receive the direct touch of the flame from the fuel. 
It is always well to put two or more cones 
of different numbers in the kiln, so that ee rete 
warning can be had, not only of the end- 
point of firing but also of the rapidity 
with which the temperature is rising. 

In determining the proper cone to 
use in burning any kind of ware, several 
cones are put in the kiln, as, for example, 
numbers 08, 1 and 5. If .08 and 1 are 
bent over in burning and 5 is not affected 
the temperature of the kiln is between 1 
and 5. The next time numbers 2, 3, 
and 4 are put in, and 2 and 3 may be 
fused, but 4 remains unaffected, indicat- 
ing that the temperature reached the 
fusing-point of 3. 

While the temperature of fusion of 
each cone is given in the preceding table, 
it must not be understood that these 
cones are for measuring temperature, but 
rather for measuring pyrochemical effects. 
Thus if certain changes are produced in 
a clay at the fusing-point of cone 5, 
the same changes can be reproduced at 
the fusion-point of this cone, although Greta UN AR iacine cae eneeas 
the actual temperature of fusion TAA Vee comes: (EranweAmerse Coram. 
vary somewhat, due to variation in the Soc., VIL, 1906.) 
condition of the kiln atmosphere. 

Manufacturers occasionally claim that the cones are unreliable and 
not satisfactory, forgetting that their misuse may often be the true 
reason for irregularities in their behavior. It is unnecessary, perhaps, 
to state that certain reasonable precautions should be taken in using 
these test-pieces. The cones are commonly fastened to a brick with 
a piece of wet clay, and should be set in a vertical position. After 
being placed in a position where they can be easily seen through a peep- 
hole, the latter should not be opened widely during the burning, lest 

1See detailed discussion by R. F. Geller and EH. EH. Pressler, Jour. Amer. 
Ceram. Soe., [X, p. 741, 1926. 
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a cold draft strike the cones, and a skin form on its surface and inter- 
fere with its bending. If the heat is raised too rapidly, the cones which 
contain much iron swell and blister and do not bend over, so that the 
best results are obtained by the slow softening of the cone under a 
pradually rising temperature. Aside from this, however, trouble has 
been experienced with cones numbers 010 to 3, which may act irregu- 
larly if exposed for any length of time to sulphurous fumes from the fuel, 
as in burning in some muffle-kilns, where there is not a free circulation 
of air in the muffle. The sulphuric acid appears to cause a volatiliza- 


NN A 


Fie. 97.—Section of kin showing method of placing Seger cones. 


tion of the boracic acid, and unites with the lime in the exterior of the 
cone, forming a hard skin of less fusible character than the interior, which 
melts while the outside is still hard. It has been suggested that the com- 
position of these members of the cone series be changed. One set of 
cones cannot be used to regulate an entire kiln, but several sets should 
be placed in different portions of the same. One advantage possessed by 
cones over trial-pieces is that the cones can be watched through a small 
peep-hole, while a larger opening must be made to draw out the trial- 
pieces. 
Cones i i The f i i 

of fusion of different clays.—The following table gives the fu. 
slon-point in cones of : r of types of clay 1 i 

lon-pc 1 cones of a number of types of clay, the figures being com. 
piled from different sources. 
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Fusion Point oF Dirrerent Typns or Cray In Conns 


Type Fusion point 
in cones 

ESCH RRO OE aca, 5 Sah, rn 33 -35 
White sedimentary kaolins, Georgia-South 

CARON eater cyst ih sme rtd 34 -35 
BPG En tele co Ah, ca Oa ae a 30 -35 
micib le clavcarpinnie meer miinac . cccciatnnts : 30 -33 
Rainaciorya bond iclaysaeeee eae een ore 28 —33 
Gr aN OUNCLAS ty panes Re ot aye eetusestern sees cic 213-32 
Flint clays, Maryland, No. 1 grade........ 32 -35 
Plastic fire clays, No. grade............... 27 -35 
Plastic fire clays, Maryland, No. 2 grade....} 31 -32 
Flint clays, Maryland, No. 2 grade......... 28 —3l 
Olniosilinn Gens), 5acn.cu5 aceonG ohboda meas oe 31 -324 
SHIGEO TO ens aain calore cee LR a a 14 -31 
LOMeWALeIClaVee ihre vee vcs “ie ae ceecene case 18 -32 
HS cea mc Kaclavaleacrtedeis fei kee ee aire 1G =3055 
@ommoenybrickiclayie: .2er. a... ee ues: 1 -10 


The cone numbers used in the different branches of the clay-working 
industry in the United States are approximately as follows: 


(Cam moreprickzmes ssc. tte ote visa es she as nest w Ft eas ee, oe 012-3 
Hard-burned, common brick............. TOE Rk aie 1-2 
Biiieirontibrickteernss seit et ose es eee ae ae ee. 
Hollow blocks'and fireproofing. ...:...-.......+::. 03-1 
MenrascOLLA yee ert ects rare dae at oe ee eae O2s a 
(CLOTANG TION ie kes secas © os a cr nae ae eB Ae MEN rem emcee NO Sh 7-8 
JEeOE| OVAVeN SEAS Sie B vanent ti caibers Be aeer Ree REPRE S Gi ieneweD 5-14. 
TP OCURCAT UIMCIN WATCH als Site cetttnets coon: cee ee ee nee 010-05 
AS NiATAVEN PAINS: ceed OAs tierce n See Ie in nigh ene ae rei ee caerterr 6-8 
RONCCLAINMNSULALOLS eis aieeiein eee aaa ieee 93-11 
| Biscttitetwateage ie epee 8-9 
Mibnitercarihemvwer ein Glazer qe lennon ween seer oer 6-7 
fstnie glazeal cones. ..aa.ssa5- 3 
MO Disciiire nc, | we AN eta Oo ei ee ee 
China UG Ten es Recetas Oietee yeu eee er ee 7 


Thermoelectric pyrometer.—This pyrometer is based on the prin- 
ciple of generating an electric current by the heating of a thermoelectric 
couple consisting of two wires of dissimilar metals. These two are 
fastened together at one end, while the two free ends are carried to a 
galvanometer which measures the intensity of the current. The metals 
used for the thermocouple will vary with the nature of the work and 
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temperature to be measured. Thus copper-constantan (an alloy of 
copper and nickel) can be used for accurate work up to 360° C., and up to 
500° C. with 5° to 10° C. error. For a temperature range of between 
350° C. and 1100° C. alloys of chromium and nickel or of aluminum and 
nickel may be employed. For temperatures from 300° C. to 1500° C. a 
couple consisting of platinum, and an alloy of 90 per cent platinum and 
10 per cent rhodium is used. The wires are enclosed in an outer and 
inner tube to keep them separated, and the outer tube closed at one end. 
These tubes may be of unglazed porcelain or fused quartz. 

For much work, especially in clay-working plants, a recording instru- 
ment is highly desirable. 

These pyrometers are widely used in laboratory and plant work. 
In the latter they serve to keep track of the rate of temperature rise and 
set backs. 

Optical pyrometer.—This type of instrument measures the intensity 
of one definite wave length of the radiant energy emitted by a heated 
object, and by this means determines the temperature. The wave 
length measured is commonly that of red light, all others being filtered 
out by a red glass in the eyepiece. 

One type consists of a telescope in the focus of which there is placed 
a small electric lamp, the filament of which is heated by a current from a 
battery, which is controlled by a rheostat and measured by an ammeter. 
The telescope is sighted on the object whose temperature is to be meas- 
ured, and the current is adjusted until the filament is of the same 
brightness as the object. The temperature is then read from a table 
giving relation of filament current to temperature. This pyrometer 
can be used at higher temperatures than the platinum thermocouple. 
It has not been made automatically recording. 

Wedgwocd pyrometer.—This pyrometer, which has been used from 
time to time in ceramic establishments, depends on the shrinkage of 
clay cylinders, whose contraction is supposed to be proportionate to 
the temperature to which they are exposed. Their behavior is unreliable. 

Indirect methods.—There are several indirect methods of deter- 
mining fusibility, but that of Bischof! is perhaps the best known. 
This consists in increasing the refractoriness of weighed samples by 
adding to them increasing quantities of an intimate mixture of equal 
parts of chemically pure silica and alumina, and heating them with a 
prism of Saarau fire-clay (whose fusing-point is Seger cone 36) to above 
the melting-point of wrought iron. The amount of the mixture required 
to tone the clay up to the same refractoriness as the standard indicates 
its quality. It was used by Bischof chiefly for refractory clays. 

* Dingler’s Polyt. Jour., Vol. CXCVI, pp. 438, 525, and CXCVIII, p. 396. 
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Hofman and Demond ! tried the method of mixing various samples 
of fire-clays with varying proportions of calcium carbonate, and calcium 
carbonate and silica, to render them fusible at temperatures below the 
melting-point of platinum, while common brick-clays were mixed with 
alumina and silica to decrease their fusibility, the object being to arrive 
at a standard temperature at which both refractory and fusible clays 
could be tested. The results obtained at first were very satisfactory, 
but subsequent ones did not result as was desired and the method had 
to be abandoned. 

More recently, however, this method has been tried by J. L. Newell 
and G. A. Rockwell with much better results.? In these last experi- 
ments the Seger cone 26 was used as a standard, as it was regarded as 
forming the line between refractory and non-refractory clays, the non- 
refractory ones being toned up until they showed the same behavior 
in the fire as cone 26. The amount of toner added then gave an idea 
how far the clay stood below the lower limit of refractoriness. 


ANALYSES OF CLAys AND RESULTS oF TESTS 


2055 25,* By 22,* 24,* 23,° | 198207) 
Sample number 
per cent/per cent/per cent|per cent)per cent/per cent|per cent 
SOM, Sc. eo RR 64.10 | 55.60 | 57.10 | 57.45 | 57.15 | 49.30 | 43.94 
ANIA O Yi ace eec eae 21.79 | 24.34 | 21.29 | 21.06 | 20.26 | 24.00 | 11.17 
Hs OVCOMBDaaes «canes 6.05 6.75 6.00 5.90 5.50 9.40 3.90 
ERO bal aetae ces oew 91.94 | 86.69 | 84.39 | 84.41 | 82.91 | 82.70 | 59.01 
INCA}. cota crea ee 2.51 6.11 Util 7.54 7.54 8.40 3.81 
CEXO)E 8 Be ai eee 0.10 0.43 0.29 0.29 0.90 0.56 | 11.64 
INE). ite Sea a eer 0.58 0.7 1.53 1.22 1,62 1.60 4.17 
ISSO; 2 cudnt 2.62 3.00 3.44 3.27 3.05 3.91 2.90 
INGO} 6 Sees aac 0.03 0.09 | 0.61 0.39 0.58 0.17 OFGL 
HE Otal@meneesaeete tie: 5.84 | 10.40 | 18.18 | 12.71 | 13.69 | 14.64 | 23.23 
IMEOVEIUIRM pis oo on a oene 1 1G) 2.65 1.30 190 2.70 20m liom oO 
Grand totaly,..... 98.88 | 99.74 | 98.87 | 99.02 | 99.30 | 98.54 | 98.00§ 
Stiffening ingredient, 
CIRCE Ua terse aleke aves 20 40 60 80 80 100 180 


*N.W. Lord, anal. +E. Orton, Jr., anal. + Includes CO. § Includes P20; 0.10 per cent. 


1Trans. Amer. Inst. Min. Engrs., X XV, p. 3, 1896. 
2Tbid., XXVIII, p. 485, 1899. 
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The silica used in the experiments was quartz, ground to pass a 
100-mesh sieve and purified by boiling in nitrohydrochloric acid. It 
had 99.88 per cent silica. The alumina contained 98.48 AlgO3. 

The method followed was to weigh out samples of 1 gram of the 
clay to be tested and mix them severally with 0.1, 0.2, 0.3, etc., grams 
of the silica-alumina mixture. The samples were then tested in the 
Deville furnace. 

The table on p. 315 gives the results of the experiments just 
described, the clays being arranged in the order of their refractoriness, 
and in each case the amount of flux being given that was required to 
raise the fusing-point to that of cone 26 of Seger. 


CHAPTER VI 
KINDS OF CLAYS 


In this chapter it is proposed to give briefly the characters of the 
clays employed for different purposes, beginning with the highest grades. 


KAOLINS 


The term kaolin was originally used to refer to white residual clays 
of a white or nearly white burning character, but in recent years it has 
been stretched to cover certain white sedimentary clays like those 
obtained in South Carolina and Georgia. The author has always 
registered his opposition to such a grading which was done originally for 
commercial purposes. Inordertoavoid any confusion, the terms residual 
and sedimentary kaolins will be used here.! 

Most residual kaolins as mined are rather siliceous, but in their 
washed condition approach closely to the composition of kaolinite, from 
which it has been sometimes been incorrectly argued that kaolins are 
composed chiefly of kaolinite and quartz. 

Sedimentary kaolins may also require washing before shipment. 

Kaolins are of particular value because of the need of their being 
used in both porous and vitrified whiteware. Much is still being 
imported from England for use in the United States and Canada, but 
American ones are now being employed in considerable quantity.” 

Residual kaolins.—These as already explained are commonly formed 
by weathering processes, and from a number of different kinds of rock, 
but all of the different genetic types may be of commercial value. 

Most kaolins as mined are rather siliceous, and consequently have to 
be put through a washing process to eliminate the sand before shipment 
to the market, and the refined product sometimes approaches kaolinite 


1 The washed kaolins of Cornwall has been referred to as China Clay, and the 
term is also used in this country. See further discussion in Trans. Amer. Ceram. 
Soc., XIV, P. 815, 1912, and Trans. Ceram. Soc. (Eng.), VIII, P. 27. 

1 or comparison of English and American clays see: Watts, A. S., Jour. Amer. 
Ceram. Soc., I, p. 151, 1919, and Fritz, E. H., ibid., VIII, p. 253, 1925. 
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in its composition. 
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If the sand in the kaolin is coarse to medium its 


separation causes relatively little trouble, but if very fine grained it may 
be difficult to eliminate thoroughly. 
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Fic. 98.—Map showing kaolin and ball-clay deposits of the United States, east of 


the Mississippi. 


(After Ries, U. S. Geol. Surv. Prof. Pap. 11, 1903.) 


The washing is done by disintegrating the clay with water in blungers 


or log washers, after which the mixture floats along a great length of 


troughing where the sand settles out. 
into large tanks, where the clay settles to the bottom. 


The water and clay then passes 
From here it is 
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Fra. 99.—View showing portion of sand-troughs, settling-tanks, and drying-racks 
at a kaolin-washing plant. (After Ries, Md. Geol. Surv., IV, p. 270, 1902.) 


Fre. 100.—Filter-press for removing water from washed or blunged clays. The 

portion at the left end has been emptied and the leaves of clay taken from it are 

on the car. The workman is just removing a leaf of clay from the press. 
(After Ries, N. Y. State Mus., Bull. 35, p. 792, 1900.) 
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pumped into filter presses, to force out most of the water. After 
drying the clay is shipped to market.! 

Most of the domestic supply of residual kaolin is obtained from west- 
ern North Carolina, while smaller amounts come from Pennsylvania, 
Virginia, and Idaho.2. Some has been produced in Canada, near Huber- 
deau in Quebec. 

Chemical compositionThe analyses given below of both native 
and foreign residual kaolins, will give some idea of their composition. 
All of these are washed samples with the exception of No. I. A com- 
parison of analyses I and II will therefore show the beneficial effects 
of washing. 


ANALYSES OF RrRsIpUAL KAOLINS 


I II Ill 1 V VI 

Sukiee, (SHO A oo 6 akon oereape os 62.40 | 45.78 | 46.28 | 73.80 | 46.50 | 72.30 
PNiviceubers, (NOM sehoancssoscecn| AO. | COAG) | HOD | iy a avy | iI}. @e! 
Blerricrosxacen(Hes©;) ena 4: 28 1.644 ToD .80 .40 
eros @eaGle (MEO) soca seanceclsocsese L0G cn, send sel eee cers eee ae 
nines (OA) eee se eee nO 50 SULODI ie nance He .68 
Maenesian(Nic@) meena nt 01 04 soo Le UALS eee eee -39 
Roan (SAO). ccconccoccoo ue © alee 2.49 || 
Soda ey eee } 98) 281) en Wh bor eee & 
Ariquspaniebae deel (MMO). nos 5 ssc slscscocclecocaacl-scssce (ok ce Olle eee ae eee 
Wye? (EKO) soocscsbosn seen aoe S SOU SetORS sooo neeteGe | 12.49 7.04 
IM-GIStUTE: Gor iernea rare oes: 125 205 al eee alt eee {Pee eek Olli caine 

TORE Saeetn ie ernest ate ae 100.66 | 99.84 |100.762/100.01 | 98.29 | 99.57 


I. Webster, N.C. Crude kaolin. N.C. Geol. Sury., Bull. 13, p. 62, 1897. 
II.- Webster, N. C. Washed kaolin. Ibid. 
III. Brandywine Summit, Pa. Hopkins, Pa. State Coll., App. Rept., 1898-99, p. 36. 
IV. Upper Mill, Pa. T. C. Hopkins, Ann. Rept., Pa. State Coll., 1899-1900, p. 11. 
VY. West Cornwall, Conn. H. Ries, analyst. 
VI. Glen Allen, Mo. Mo. Geol. Sury., XI, p. 562, 1896. v 


1 See Watts, A. S., Mining and treatment of feldspar and kaolin in southern Appa- 
lachian region, U.S. Bur. Mines, Bull. 53, 1915; Sproat, I. E., Refining and utilization 
of Georgia kaolins, ibid., Bull. 128, 1916; Stull, R. T., and Bole, G. A., Beneficiation 
and utilization of Georgia Clays, ibid., Bull. 252, 1926. 

2 For descriptions of deposits see under those states. 
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ANALYSES OF REsipUAL KaoLins—continued 


VII VIII IX xX XI 

Shines (OSHC pas Os Ae cee 45.44 43.31 48 .26 Ney {3a | Aa vil 
PAumminay (Als @)s)ere erences esc. 40.30 39.42 37.64 38.00 | 36.78 
Ferrie oxide (He.O3)........... 54 2.86 .46 E SOM ee ede ne 
Henrousroxides(he@))eaer nee se een kee ee tere eee, Ne Oe 
[Lwin (CRO) os aac Sa One reo ules PAA >; eee Bo eal ace oetre 
Magnesian(Ve@) as ees ack wen ihe .05 04 Sn heees Pee 
SOUS Oks C))) ie Mepearekeee «iy os le ireucpe tr. 1.80 E25 } 
andes ee 38 OY uae SOM agonal 
iraniimbroxide:( LiOs)\i. 004s see oes ee SS Ol eet OE he Ne a Pavel lg lef 
\Nigtiae (CEI O)) 6 neahnm tamies oc eee 13.9 10.26 12.02 LSROSM elon Os: 
VIOISUUTC MEM PN PER nalerevofipe siesta itera sleet lias Sheree thee colle cere eaecer  Wehchewcde scl le acteete oe 

{RGAE Is So cia oe 100.56 99.96 |100.00 100.03 |100.10 


VII. Leaky, Edwards County, Texas. O.H. Palm, analyst. 
VIII. Crude kaolin, Cold Spring, Va. Analyzed by Va. Geol. Surv. 
exes Gormiw all, BIg tesaisie oe ese. svee <s0e 
X. Zettlitz, Bohemia.......:.... i U.S. Geol. Surv., Prof. Pap, 11, p. 39, 1903. 


XI. Coussac-Bonneval, France..... 


The following physical tests of crude and washed kaolin from 
Sprucepine, N. C., were made at the U. 8. Bureau Mines Station at 
Columbus, O.1 


GENERAL PuysicaL Tests oF CRUDE KAOLIN FROM OPENING OF SPRUCEPINE Mink, 
Haur A Mine Hast-souUTHEAST OF SPRUCEPINE, Mircue.n County, N. C. 


Workability: very sandy; no strength; corners tear. Color of unfired clay: 
white. 


Per cent 
Water of plasticity, in terms of dry clay...................4.. 36.69 
Air shrinkage by volume, in terms of dry clay...... 16.01 
Air shrinkage, lmear, calculated...) cer. see ace 5.7 
Moist nein Om) Chay EMS sooc0comsecxovascogues il Buy 
Fineness test: 
Residues 20-mMeshisleVer Lenten cerns: 21.58 
IR@siGlbe, GEST N REN Os 5 550.6 68654650050000085 17.39 
Residues OO-meshtsleviertrcetrersteltrcteetrelentster: iG) 
Residue, 200-mesh sieve...................... 1.95 
Amount passing 200-mesh sieve................... 57.95 


1¥yom U.S. Geol. Surv., Bull. 708, 1922. 
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Fire Tests or KAo.in From OPENING oF SprUCEPINE Mine, Haur A Mite East- 
SOUTHEAST OF SpRUCEPINE, MircHeLt County, N. C. 


5 Volume shrinkage 
Temperature Penoetty (per cent in terms 
P ‘ (per cent in terms 
Gre.) of volume of 
of burned volume) 
dry clay) 
1190 Bi5). AE yi 
1250 3f.2 15.8 
1310 36.0 16.8 
1370 30.0 23.25 
1410 iS. 7 27.6 


GENERAL PuysicaL Tests oF WASHED KAOLIN, FROM SPARKS PLANT, SPRUCEPINE, 
Mircuett County, N. C. 


Workability: short, sandy; corners tear; dries well (no cracks); color of unfired 
clay: white. 


Per cent 

Water of plasticity, in terms of dry clay............ 44.48 
Air shrinkage by volume, in terms of dry clay...... 20.20 
Aurishmnkages lnnvearcal cull abeds sent aee 1.3 
IMGistUre LactOlyO1 (Gling 0251S ten iene .352 
Fineness test: 

Residues 0-1 eshicie ye mses 00 

Residues 65-mesion sieve aes ee .00 

Residues] 00-meshtsiever arcs aise eee 00 

Residue s200smesh"cie vet aati 2.92 
Amount passing 200-mesh sieve................... 97.08 


Fire Tests or Kao.rn rrom Sparks PLANT, SpRUCEPINE, 
MircHEeri County, N. C. 


Porere Volume shrinkage 
‘Temperature ( as (per cent in terms 
aie per cent in terms 
(Cy) ; ; of volume of 
of burned volume) 
dry clay) 
1190 39.6 18.1 
1250 39.7 18.4 
1310 37.97 20.3 
1370 39.5 24.98 
1410 28.5 28.0 
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Uses.—The North Carolina kaolins are used chiefly in the manu- 
facture of white wares, such as china, semi-porcelain, porcelain, floor 
tile, wall tile, and electrical porcelain. They have also been used in 
glass pots. The South Mountain and Saylorsburg, Pa., kaolins have 
been employed in their crude form in the manufacture of white Portland 
cement, while the washed product has been sold as a filler for paint, 
as well as for use in plaster board manufacture. Kaolin from Cold 
Spring, Va., is used in paper, paint and rubber manufacture. 

Sedimentary kaolins.—Under this heading are included the white 
sedimentary clays of Georgia, South Carolina and Florida. Those from 
the first two are somewhat similar, while the last has appreciably 
greater plasticity, strength and shrinkage. All three are of considerable 
importance to a number of industries. Tests of these materials are given 
below, all being made by the Bureau of Mines at Columbus, Ohio.! 


GENERAL PuysicaL TESTS OF SAMPLE OF CLAY FROM PIT or SouTH CAROLINA CLAY 
Co., av Lanetey, 8. C. 


Workability: fairly fat; makes good bars; dries fairly well. 


Per cent 
Water of Plasticity, in terms of dry clay............ 39.61 
Avira smile een livia. LUC prewar myere spew cciere asteus ere 15.83 
Air shrinkage, linear, calculated.............-..--- 5,60 


Fire Tests or SaMpie or Chay From Prt or SoutH Carouina Cray Co., 
Lanatey, 8S. C. 


Volume ; 
Porosity ple Linear 
: shrinkage , 
shrinkage, 


(per cent in 
calculated 
terms of volume 
: (per cent) 
of dry clay) 


‘Temperature (per cent in} Guns 
(Gacs) terms of volume 
of burned clay) 


1190 38.17 White 22.21 Smell 
1250 34.20 White 27 .00 10.0 
1310 32.67 White 32.20 12.2 
1370 24.25 White 36.87 14.2 
1410 12.50 White 44.20 Iv 


\ 


Cone of fusion, 34. 


A sample of this clay was used in a porcelain body and gave the 
results noted on p. 324. 
1U. S. Geol. Surv., Bull. 708, 1922. 
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GeneraL PuysicaL Tests or PorceLaAIN Bopy CoNnTAINING CLAY FROM PIT OF 
Sourn Caronina Ciay Co., LANGLEY, S. C. 


Workability: plastic; molded well; fair jiggering body; good drying qualities. 


Per cent 
Water of plasticity, in terms of dry clay............ 33.95 
Wolume:shrin kaee erie erent tatters ieeet 22.60 
Air shrinkage, linear, calculated...........-....--- 8.20 
Modulus of rupture......... Pounds per square inch, 167.30 


Fire Tests or Porcevain Bopy ConTaInING Cay FROM Pit or SouTH CAROLINA 
Cuay Co., Lanetny, S. C. 


Porosity Volume Modulus 
(per cent shrinkage Linear | of rupture 
Temper- : alae 

in terms (per cent | snrinkage,| (pounds 
ature Color : 
°C) of volume of in terms | calculated per 
Oe: burned of volume of] (per cent) square 

clay) dry clay) inch) 

1190 25.60 Whites reer 20.10 ff 3323 
1250 24.03 Wihite sea eee 21.43 as 3709 
1310 18.68 Wihite: eee cre 22.88 Seo 3881 
1370 1.01 White vam teres 33.90 12.9 7788 
1410 0.10 Light pale olive-gray 35.30 13.6 7383 


GENERAL PuysicaL TESTS oF Cuay FROM Pit oF GoLpInG Sons Co., NEAR 
Buttmr, Ga. 


Workability: plastic; makes good bars. 


Per cent 
Water of plasticity, in terms of dry clay............ 44.3 
Airs hrniely ey yyaayO LUN 6 ee 20.38 
Air shrinkage; linear; calculated<.... se aeeeoeeee: tes 


Fire Tests or Cuay rrom Pir or Goiprne Sons Co., Near Burimr, Ga. 


Porosity ¥ ae Linear 
Temperature (per cent in Col | oat oe shrinkage, 
(OC) terms of volume ue | ‘ tes eine calculated 
of burned cla sages eer 
y) of dry clay) sparen!) 
1190 40.20 White 21.45 7.8 
1250 39.30 White 25.60 9.4 
1310 36.70 White 28 .08 10.4 
1370 27.97 White Cigale 14.4 
1410 17.80 White 41.80 16.5 


Cone of fusion, 333. 
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A sample of this clay was used in a porcelain body and gave the 
results noted below: 
GrnpraL Puysican Tests or Porcenain Bopy Contarninc Cuay From Pir or 
Goupine Sons Co., Near Butirr, Ga. 
Workability: plastic; makes excellent bars; jiggers well; dries well. 
Water of plasticity, in terms of dry clay..... Per cent 31.54 
Modulus of rupture......... Pounds per square inch, 132.6 


Fire Trsts or PorcELAIN Bopy ConTAINING CLaAy FROM Pit or Gotpine Sons Co., 
NEAR Burumr, Ga. 


Porosity Volume Modulus 
(per cent shrinkage Linear j of rupture 
Temper- : : 
in terms (per cent | shrinkage, | (pounds 
ature Color 2 
(°C) of volume of in terms of | calculated per 
3 burned volume of | (per cent) | square 
clay) dry clay) inch) 
1190 27.80 IWihtbelneccaeaekcteer. 18.50 6.6 2621 
1250 25.54 White; slight buff tint] 22.59 8.2 2418 
1310 28el5 White; slight buff tint} 22.20 8.1 3995 
1370 6.09 Wilniteste rosie scneeorscete SILO Wik 7 4815 
1410 0.18 Pale smoke-gray.....} 35.60 IB 8203 


GENERAL PuysicaL Tests oF WASHED CLAY FROM OkaHUMPKA, FLA. 


Workability: very plastic; molds well. 


Per cent 
Water of plasticity, in terms of dry clay............ 49.78 
Aumashminkca ge Dyevio UME ceere-yatereletereteve eeloneteretete ele ote 32.15 
Air shrinkage, linear, calculated................... 12.20 
Modulus of rupture......... Pounds per square inch, 181.00 


Fire Tests or CuAy FROM OKAHUMPKA, FLA. 


Volume Linear 

. shrinkage shrinkage 

pepe aire Porosity Cater (potent Gatien 

OS) (per cent) in terms in terms 

of dry clay) | of dry clay) 

1190 28.3 Wihite tascpetcettecctet 32.1 12a 
1250 Be (DS Faint cream-white.. . ary. Ili! 12.5 
1310 23.41 Faint cream-white.. . 37.33 14.4 
1370 7.4 Cream!Ss ems cee 46.3 RSA 
1410 22 LEUNG. dG Amomina bioa 6 49.4 20.3 


Deformation temperature, cone 31 + (1750° C.). Steel hard at 1190° ©: 
Develops small cracks in firing. 
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A large portion of these sedimentary kaolins are washed before ship- 
ment to market. 

A somewhat detailed study of the Georgia sedimentary kaolins by 
the U. S. Bureau of Mines! shows that after washing they can be used 
more in white ware than they are now, and to some extent in place of 
English china-clay in floor and wall tile. If mixed with grog made 
from the same clay, they yield a high grade refractory. Light-cream 
and light-gray face-brick can be made of a mixture of the Georgia white 
clay, aplite and sand. 

Of the South Carolina clays the cream-colored grade is employed 
for filler in certain kinds of cheap textiles, cardboard, and paper, in the 
manufacture of colored hardware porcelain, in certain grades of electrical 
porcelain, in top printing wall paper, and in cold water paints. It is 
also employed as a filler in rubber goods, in oilcloth, and in the manufac- 
ture of certain kinds of patent roofing. 

The white varieties are used for all purposes enumerated above and 
also for filling print, book, and magazine paper and white cotton goods, 
for coating paper and card-board, for coating and top printing wall paper 
in light shades, for making white and light-colored kalsomine, semi- 
porcelain, china, whiteware, and vitreous floor tiling.? 

Florida white clay is extensively used in the manufacture of white- 
ware, electrical porcelain, and floor and wall tile. It is not usually 
regarded as a paper clay. 


BALL-CLAYS 


The term ball-clay is applied to those possessing good plasticity, 
usually strong bonding power, high refractoriness, and which burn 
white or creamy white. They are used chiefly in making white earthen- 
ware, and porcelain, but are also employed in floor and wall tile, and 
electric porcelain. Some are employed in the manufacture of glass 
refractories and graphite crucibles. In former years ball-clay for domes- 
tic use was obtained chiefly from England, but considerable quantities 
are now dug in western Tennessee and Kentucky. A small quantity is 
obtained in New Jersey. The English clay vitrifies at a lower tempera- 
ture than the American material. 

Analyses and tests of several ball-clays are given on pp. 327-329.3 


1U.8. Bur. Mines, Bull. 252; 1926. 

* Bayley, U.S. Geol. Surv., Bull. 708, p. 187, 1922. 

* All from U.S. Geol. Surv., Bull. 708, p. 1922; for comparison of English and 
American ball clays see, Sortwell, H. H., U. 8. Bur. Stand., Tech. Pap. 227, 1923; 
Schroeder and Parmelee, Ball-clays of western Tennessee, Res. Tenn., IX, No. 2, 
1919. 


BALL-CLAYS O20 
ANALYSES OF Batt Cuays 
I II Til 
Siler: (MOD) ic 5g sca so on 46.85 48.99 46.87 
Alimama CAlsOs)enene saloon lo, o2e ul 36.58 
Ferric oxide (Fe2O;)..... 2 AS thay eee cota 7 1.14 
iHenousioxider(Be@)ne a aleee emer DE BASS |Get e 
Titanic oxide (TiOz)..... Weare Rts lope oe ee 43 
immer (CAO) ame erecta oD 43 AO) 
Magnesia (MgQ)........ 40 22, Trace 
Posen (AG ©) eee eee 61 3 31 f Trace 
soda Naz) aes .10 ; | 1.60 
Sulphur trioxide (SO;)... (OSB pene 06 
Wbossiom TenrtloMe.. 2. ee 16.45 9.63 whl, oy 
Minsk che MOO Is Bas 6 lo ea ohooslenobea sas 1.60 
99.98 97.03 100.30 
I. Whitlock, Tenn. II. England. III. Mayfield, Ky. 
GENERAL PuysicaL Tests or TENNESSEE Batt Cuiay No. 11 
Working property: good; sticky. Per cent 
WATT Of Ol aAStiClt yr ytemtsctaienetnernaieiers ehcte feet ace hae ea 42.5 
Modulus of rupture: Pounds per square inch 
avec aver regete eas cVage core Retonee Cac eins mee eer roaes as 95.3 
Mixture of clay and sand in proportion of 1: 1.. 118.6 
Slaking test, 9 minutes 
Fineness test: 
iResidues.20-meshhclevera se eer enee ree None 
Residue; 40=mesh'sieven.n-:..ms05- 554152204 None 
Residue. G0-meshisieves-rrrm creer imei neta None 
INES Clie, AOS SEOs nos crs nencameseuonues None 
Residues 0=mesheslevic-rev ei ieee en Trace 
Residues) oO-meshusievesrramit tii aerate eae Trace 
Residues200-meshscle viene eet aie Trace 
Drang shrinkage winealyr- eee en per cent.. 5.75 
Total 
Color Hardness shrinkage Porosity 
(per cent) (per cent) 
Cone 2 (COP Ked)s so soc White......} Steel hard Dilvas) 2115 
Canemepma 2002 C.)e ann: White......| Steel hard 16.3 19.6 
Cony @ CIIOP Ta) boc oc Gray-white.| Steel hard eo 1 2 
Cone 12) CEO? Cao o oboe Gray.......| Steel hard 17.8 PY) 
Come. 13) (CES OO es ain alata em Sos Steel hard i 3.4 


Fusion test: Deformed at cones 32-33 (1770°-1790° C.). 
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The strength of this clay appears to be rather low. The color is 
very good and it is fairly well vitrified at cone 9 (1310° C.). It is 
fairly representative of the ball-clay type and will find use as a ball- 
clay. It will also be useful in the manufacture of sanitary ware, chem- 
ical and other stoneware, face brick, terra-cotta, and saggers. Its 
rather high fusion-point is likely to make it of service in the manufacture 
of refractories, where a plastic clay of good strength is desired. 


GeneraL Puystcat Tests or Cray No. 3, Kentucky Construction & IMPROVE- 
MENT Co., PryorspurG, Ky. 


Workability: very plastic, sticky; pulls under spatula. 


Per cent 

Water o£ plasticity: )....<.0 ae eee ane ce ees 41.72 

Air shnnkageé, by volume 2s n0.0s, nee Se eee ene 31.92 

Air shrinkage, linear, calculated................... 12.00 
Modulus of rupture: Pounds per square inch 

RaW Clay s.cessne8 oa Sen as Caos RS eS neces 25.55 

Mixture of clay and sand in proportion 1: 1.... 196.30 


Frre Tests oF Cray No. 3, Kentucky Construction & IMPROVEMENT Co., 
PRYORSBURG, Ky. 


| Volumetric Linear 

Temperature | Porosity < s epes % ean 

(°C) Coss Color ; (per cent _(per cent 

in terms of in terms of 
dry clay) | dry clay) 
1190 16.70 Cream-colored 32.00 | 12.0 

1250 16.79 | Cream-colored 29.89 | 11.20 
1310 1.59 Cream-colored | 37.52 14.50 
1370 90 | Brown-buff 40.00 15.60 
1410 .30 | Brown-buff | 38.00 | 14.70 


Fuses at cone 32 + (1770° C.+). Steel hard at 1190° C. At 1810° C. the clav 
shows small yellowish specks. - ; 


Tests oF Some EnouisH Bari Crays * 


Water plasticity 


\ LORY ssc sha wed Seas CHEN UR SRO RE per cent 39.9-51.9 
Volume drying shrinkage... ...............20ne per cent 21.9-29.5 
Ratio pore water to shrinkage water................... 0.64-1.10 


Bulk specific gravity, dry clay... 2... 0. occ ccc cee. 1.413-1.753 


Modulus of rupture, 1 flint : 1 clay, pounds per square inch 345-563 


* Sortwell, U. S. Bur. Stand., Tech. Pap. 227, 
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Apparent porosity,| Volume shrinkage, 

Cone per cent per cent 
OL 1.8-26.2 24,0-35.5 

2 1,0-15.4 25.8-40.4 

4 0.7— 7.7 27 .0-41.3 

6 0.2— 3.9 29 .5-42.9 

8 0.2— 3.9 30.4-43 5 

10 0.2- 3.6 30.4-44 2 

12 0.3- 3.4 30 ,2-44.9 

| 


Tests oF TENNESSEE BALL CLAys * 


DU SLOUUDABLACILN Ly aceRa atte ake iors 4, aes per cent 45-46 

Modulus of rupture, dry clay.......pounds per square inch 95-466 
Modulus of rupture, 1 clay : 1 sand..pounds per squareinch 61-232 
TIMICAT IV ING SUMILKAVS ois scien Cavs oe 496 2 cas per cent 5.5-7.5 


Slaking time, 7-14 minutes 


| Totallinear | Porosity 
Cone shrinkage, per cent 
per cent | 
| 
2 10.3-21.5 | 21 .2-33.7 
5 12.6-16.3 10.4-19.6 
i) 13.1-17.3 2.2-17.3 
12 Werte 0).26-4.0 


Cone of fusion, 30-35. 
*Parmelee, C. W., Res. Tenn., IX, No. 2, 1919. 


REFRACTORY Bond CLAYS 


In this group we may include those clays which in addition to their 
refractoriness have a strong bonding power, which makes them of 
value for glass refractories, for crucibles to melt steel and brass, and to 
a less extent for the bond of abrasive wheels. They are all fire-clays, 
and some ball-clays could be ii¢luded here. 

The properties of the clays in their raw condition and those devel- 
oped in firing are both important. 

The properties of the raw clays to be considered are their transverse 
strength, especially if mixed with an equal amount of sand, and the 
ratio of pore to shrinkage water. Bleininger and Loomis! suggest that 


1 Trans. Amer. Ceram. Soc., XIX, p. 601, 1917; U.S. Bur. Stand., Tech. Pap. 
144, 1920. 
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clays may be divided into two classes—the first-class including those 
whose modulus of rupture is 325 lbs. per square inch or more, and those 
in which it is 225 to 325 lbs. The ratio of pore water to shrinkage 
water should not exceed 1.00 for clays of the first-class. or strong, 
heavy, plastic clays, low in free silica, the ratio should not exceed 0.75, 
but siliceous bond clays such as the Gross Almerode pot clay of Ger- 
many, cannot meet this requirement. 

The principal criteria of the value of the clay, as determined by burn- 
ing are the over-firing temperature and the softening point. For very 
' gevere service the clay should not develop a definite vesicular structure 
below 1425° C., nor a softening point below cone 31 (1750° C.); but, 
as Bleininger says, this specification may not be fair to some plastic 
clays that are of use in the manufacture of graphite crucibles, especially 
for brass melting, although even for this purpose the temperature of 
overfiring should not be much below 1400° C. and the softening temper- 
ature not much below that of cone 30 (1670° C.). Anything below these 
requirements is to be ruled out as a bond clay. 

Bleininger suggests the following classification: 

1. Clays particularly suited to manufacture of graphite crucibles used 
for melting brass. Should burn dense at 1150° C. and shown no evi- 
dence of overfiring at 1400° C. and have other required physical prop- 
erties. 

2. Clays adapted for crucibles for steel melting. Should burn dense 
around 1275° C., and not overfire at 1400° C., or higher. 

2a. Clays like those of class 2 but that do not overfire below 1425° C. 
These clays are valuable in addition for glass refractories. 

3. Clays especially suited to glass industries.! Should burn dense 
only at 1425° C. or even higher, and not overfire below 1450° C. 

Clays that become dense between 1150° C. and 1300° C. and that 
overfire at or just above the temperature at which they become dense 
are of no value as refractory bond clays. 

The table on p. 331 compiled from Bleininger and Loomis shows 
the characteristic physical properties of a number of good refrac- 
tory bond clays as well as some that are deficient in refractoriness. 

A number of interesting tests of crucible clays mixed with graphite 
have been made by M. ©. Booze,” from which he concludes that no one 
clay satisfies to a high degree all the requirements for crucibles. Indeed, 


1 See also Jenkinson, 8. N., Jour. Soc. Glass Tech., IT, p. 272, 1918; Rees, W. Vo 
Trans. Ceram. Soc. (Eng.), XVIII, p. 420, 1919, and Jour. Amer. Ceram. Soc., Ill, 
p. 332, 1920. 

* Jour. Amer, Ceram. Soc., II, p. 461, 1919. For other tests see Ill. Geol. Surv., 
Bull. 36, p. 73, 1916; U.S. Bur. Stand., Tech. Pap. 144, 1920. 
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some of these requirements are so diametrically opposite that no one 
clay is entirely satisfactory. By selecting the clays that rank higher 
than the others in all or most of the requisite properties, using them as 
a base, and blending them with others, it is possible to get a mixture 
that gives better results than any one clay alone would yield. 

Booze tested twenty-one clays, the mixtures consisting of equal 
parts of clay and Alabama graphite. Results on the following six are 
given below: 

No. 3.01, St. Louis, Mo.; No. 3.10, Pennsylvania fire-clay; No. 3.14, 
Enid, Miss.; No. 3.18, Mayfield, Ky.; No. 3.20, Dorset, Eng., ball-clay; 
No. 3.22, Klingenberg, Ger., bond clay. 

Working qualties: 

3.22. Warps considerably in drying 
3.20. Warps considerably in drying 
3.14. Warps somewhat 

3.01. Warps somewhat } Good working qualities. 
3.18. Dries well 

3.10. Dries well. Too lean for molding. 


Very good working qualities. 


No trouble from cracking with any of the clays. 


Tests or CRUCIBLE CuLays 


w Dryshrinkage| Ratio pore |Ratio pore to} Time of 
ater : : ‘ 
Number ae in terms of | to shrinkage | true volume slaking 
plasticity . 4 
dry volume water of bar minutes 
3.01 28.31 2.59 ik alile/ 36.5 73 
3.14 26.17 18.98 1.360 36.9 89 
Bliss 34.08 24.10 1.200 45.4 74.5 
3.20 all we 23.38 eS 40.64 (Als 
3.22 32.02 24.54 0.879 39.16 170 
Strength after 
Strength Strength Strength burning to 
Number Dry after burning |after burning Jafter burning | 1150° C. and 
strength to 800° C. | to 1425° C. | to 1425° C. | quenching 
5 times 
3.01 576.4 1104.11 113159 1308.8 768 .31 
3.14 510.9 956.3 1226.1 1459.5 Vth sd 
3.18 431.9 644.0 1000.7 1080.0 569.9 
3.20 464.5 846.0 1020.0 1234.5 640.1 
3.22 691.7 1035.1 L219 50% 4] POS een Ce 
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Tests or Crucrste Crays—continued 


Strength after Per cent loss Per cent loss Softening 
burning to in strength in strength point 
Number 1425° C. and | after burning at | after burning at in 
quenching 1150° C. and 1425° C. and standard 
5 times quenching quenching cones 
3.01 sy al 32.1 14.0 31 
3.14 845.7 40.65 42.1 305 
3.18 749.6 43.1 30.6 33 
37,20 724.8 31.2 41.3 33 
3.22 526.4 DOES Nn OH mumeee eect ole 
Oxidation trials burned at 1150° C. | Oxidation trials burned at 1425° C. 
Oxidized for 10 hours at 1100° C. Oxidized for 10 hours at 1100° C. 
Number 
Per cent of | Per cent | Per cent | Per cent of | Per cent | Per cent 
whole area loss in graphite | whole area loss in jof graphite 
oxidized weight | burned out} oxidized weight oxidized 
3 (Ont 94.40 Dee 62.0 70.14 42.2 83.0 
3.14 Eilon 32.50 OBES 71.87 49.14 96.6 
Bes 70.538 42 23 83.0 15.08 46.21 90.75 
3.20 53.48 32.93 64.7 50.0 36.96 72.6 
3.22 40.94 29.86 EDS EZ RAM te eect Stet ta sl rete ta crea Mea REN eee 


Distribution of refractory bond clays.—The domestic supply of refrac- 
tory bond clays is obtained chiefly from the Wilcox group of north- 
western Mississippi and the Lagrange formations of western Tennessee 
and Kentucky, and southern Illinois. In addition the Carboniferous of 
the St. Louis, Mo., and the Portsmouth, Ohio, districts is of impor- 
tance. Small amounts have been obtained from Alabama, New Jersey, 
and Maryland. The Wilcox clays near Lester, Ark., were at one time 
worked for glass pot material. 


FIRE-CLAYS 


The term fire-clay, properly speaking, refers to those clays capable 
of withstanding a high degree of heat, but it is unfortunately most 
loosely used by American clay-workers, and many plastic materials 
which have absolutely no claim to refractoriness are included under this 
head. It is to be greatly regretted that no standard of refractoriness 
has been adopted by producers and consumers of refractory clays in 
the United States, nor for that matter in Europe, although the term is 
probably less abused there than it is here. In the author’s opinion no 
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clay should be classed as a fire-clay unless its fusion-point is higher than 
that of cone 27. 

In many parts of the United States it is common to grade both fire- 
clays and fire-bricks as No. 1 and No. 2, a practice which should be dis- 
couraged unless the term has some standardized meaning, which it 
lacks at the present time. Even in the same district a No. 1 clay or 
brick of one manufacturer may be no better than the No. 2 clay or 
brick of another manufacturer. It therefore seems reasonable to urge 
that unless the terms No. 1 and No. 2 refer to certain definite and 
accepted standards, they should be dropped, as they only lead to con- 
fusion. 

One common misuse of the term fire-clay may also be referred to 
in this place. It is a prevalent custom in the United States to apply 
the term fire-clay to all clays or shales found underlying coal-beds. 
While it is true that in several States, such as Pennsylvania, Ohio, West 
Virginia and Kentucky, valuable fire-clays underlie the coals, still 
sometimes even in these States, and always in some others, as Michigan, 
clay or shale is found under the coal, which is not refractory by any 
means. There is at times nothing in the appearance of these under- 
clays to tell whether they are refractory or not. 

Aside from refractoriness, which is the most important property of 
a fire-clay and the one possessed by all true ones, they vary widely, 
showing great differences in plasticity, density, shrinkage, transverse 
strength, and color. The resistance of a fire-clay to heat is governed pri- 
marily by its chemical composition and secondarily by its texture. 

Chemical composition.—Fire-clays contain practically all the sub- 
stances usually determined by the ultimate analysis (p. 97), but in every 
good fire-clay the total percentage of certain fluxing impurities, such as 
ferric oxide, lime, magnesia, and alkalies, is small. This is necessarily 
the case, since, if the fluxing impurities were present in large quan- 
tities, the clay would fuse at comparatively low temperatures and could 
not be classed as refractory. 

The influence of these different ingredients of a clay has been dis- 
cussed on pp. 111-147." It might be emphasized here again, however, 
that the chemical analysis is of restricted value as a means of interpret- 
ing the refractoriness of the clay, except insofar as this property is indi- 
cated by low total fluxes and low silica. The belief that high silica as 
compared with alumina, indicated high refractoriness is probably no 
longer as prevalent as it used to be. 

Physical properties.—Texture is also an important factor in deter- 
mining the refractoriness, and for this reason the author has always 
opposed fine grinding of either a fire-clay or fire-brick before its fusion- 

' Bales, C. E., Effect of impurities in fire clay, Jour. Inst. Metals, XXX, p. 699. 
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point is determined. A striking illustration of this is the case of certain 
New Jersey fire-brick, containing quartz in coarse grains, whose fusion- 
point was cone 33. According to the SiOz : AlsO3 ratio in them it 
should have been cone 26. When these brick were ground to 100-mesh, 
made up into cones and tested, the fusion-point dropped to cone 27. 

If there is little difference in composition between the fine and coarse 
particles, grinding up the sample before testing would make little dif- 
ference.! 

Classification of fire-clays.—There is not unanimity of opinion 
regarding the temperature dividing line between a refractory and non- 
refractory clay. Ries suggests the following :? 

1. Highly refractory clays fusing above cone 33. 

2. Refractory clays fusing from cone 31-33 inclusive. 

3. Semi-refractory clays fusing between cones 27 and 30. 

4. Clays of low refractoriness, fusing between cones 20 and 26. 


Bleininger * believes that a No. 1 fire-clay should not soften below 
cone 31, and a No. 2 not below cone 28. 

Purdy and Moore * attack the matter from a different view point. 
They classify clay according to changes in porosity and specific gravity 
curves at different temperatures. Thus: 

No. 1 fire-clay shows small but regular decrease in porosity from the 
beginning of firing to above cone 11. 

No. 2 fire-clay shows increase in the loss of porosity, and hence early 
vitrification, the change beginning about cone (4. 

No. 3 fire-clay shows a marked change with increasing low porosity 
at cone 1, and fusion rarely above cone 16 or 17. 


Uses of fire-clays—It is but natural that all fire-clays are not 
adapted to the manufacture of all kinds of refractory wares. Of the 
latter some have to resist heat alone, others changes of temperature, 
resistance to abrasion or corrosion, etc. Consequently the aim of the 
manufacturer is to select a clay or mixture of clays which will give a 
body on firing, best adapted to the conditions under which it is to be 
used. To enumerate the qualities of a fire-clay needed for each type 
of refractory product, would be beyond the scope of this book. A 
number of articles have been published on this subject.® 

1 Hofman, H. O., and Stoughton, B., Trans. Amer. Inst. Min. Engrs., XXVIII, 
p. 440, 1898. 

2N. J. Geol. Surv., Fin. Rept., VI. 1904. 

3 Eng. Soc. West. Pa., XXXII, p. 613, 1916. 

4 Trans. Amer. Ceram. Soc., IX, p. 239, and Ill. Geol. Sury., Bull. 9, p. 270, 1908. 

5 See Bibliography of Literature on Refractories, Jour. Amer. Ceram. Soc., X, 
Feb., 1927, Pt. II; Fire-clay Brick, manufacture properties uses and specifications, 
U.S. Bur. Stand., Cire. 282, 1926. 
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The main use of fire-clays is for the manufacture of the vari- 
ous shapes of fire-brick, but in addition they are used wholly or in part 
in the manufacture of gas- and zinc-retorts, locomotive and furnace 
linings, crucibles, floor-tiles, terra-cotta, conduits, pressed and paving- 


bricks, coke oven brick, saggers, etc. 
Reference should also be made to the Refractory Bond Clays men- 


tioned on pp. 329-333. 


Analyses of fire-clays.—The analyses given on pp. 336-337 show the 
composition of a number of fire-clays from various localities in the 
United States, and for additional ones reference should be made to the 


State descriptions. 


ANALYSES OF FIRE-CLAYS 


I II Ill IV Vv VI 
Sileey (GIOb) cin ov onace bs osoac- T4225) |635 00) IROzeO Zl DOSOlm O2e Soma! 
PNiveccvbatey (ONO coe eee ooo nse) Weta Bisa || SuleeZs | eur iy || Pal 2ksy)) Sul a}! 
Herncroxide) (ie> Os) sees 1.19 .46 BOW 1.03 ag oes eee ee ae 
Ineo Oa CEO). osccncecceleocacee weep MIG Sis. Wa [Se ects oe 1.81 iB 
hime! (CaQ\ te meee recs. 40 44 .50 tr 38 03 
Wilkens, (MURO)). ose sccacacess Gre .89 .19 ie .56 44 
IPRowislol, CAO). ooocgescnoccns \ redler Us | ee : 
SHV ESTOSE MO) barn onan. shoe en firearm Me 
Sulphur:trioxides (SOs oi. sans cllaeee ae ol Ala ces Ie ene | See eee eee 
Tiere eyenel (IMO) 5 osc65co6cncfoaccs se iL 1@ LAGS baer 1.82 a6 
SWS GSMO) ness onc eem bh bec 6.30| 6.45 | 11.68 | 9.70 | 7.58 | 13.49 
WY Rentcin by: tauren ern erere rere Man ar liiaaere las oo Gl 8 os Let Gul eee 
ROtal eae hte eta: meee i 99.91 {100.47 | 99.67 | 98.88 {100.21 |100.21 
VII Vill 1Ds€ x XI XII 
Silica (Si02) PA ERO cu Oe areTSI ice 51.56) |) 46.56 59.36] 61.44 | 73.00 | 50.35 
/Neutoomiers, CMON 5 odonooancanc dsl! SSI | By chy 23.26) 26.18 | 15.79 | 33-64 
Ferric oxide (He2O3)........... 18 tr 3.06 30 .63 ate 
Berrousioxid els (ile ©) seracmewanc ate elon neee | eae ea | Co SO Ae eerste: | eeu 
IGS (CORO) socccaascoacnowneeall Wwe ela 65 12 41226: ae oe 
Mepaneieh (IMUIO)). on cao nace nacs ie eh Oe ore bes, 2 10 5S GT 
Rotash: (KO) eee tr. 28 (fm S10) aeetG 
Roda (NaO\a ot eee een tr, ele orl Sp are 
SelfoaP waWorale (SOG) soon donccleccosacllonscea: BE) toch ees Royce Sal 
Tine cc ho, es (ol 1.01] 123019 eis) econ 
Wiewiaie WEONs ondea aecdoonse 
ie ( ) } 12.50 | 13.03 10.20) 9.07 7G. || Wal. 745). 
INMGVISTMERS Gs enio podlovonoe-cor oe 2.14: RB Ness eee 2.13 
eotallegan: coe eet eee ee eee 99.88 | 97.732} 101.68] 99.65 | 98.69 |100.00 
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XIII XIV XV XVI XVII 
(SHINGEy.CSMG IAG ays Se eee ee eae 40.28 | 54.80 44.16 39.56 73.20 
Pitamina(AlLOs)....2..5.......| 34.72 | 20.44 | 37.44) 43:85 | 18.56 
ierricroxides (Hess) sj. 2.5... 84 1.70) 1.28 DE .50 
Tie CoO) Xe eee 25 56 29 
Magnesia (MgO).............. Hoel Ae ee , 50 52 
acacia (KO) eras ccs crac one ae ORME Ihe Rat year } 53 ne eee! 36 
Soc (Dees: ame a, alee ey Pec lolacete ot 38 
Sulphur trioxide (SO;3)......... Licey Uk eae sae so Waal eee CUPPA. IO eta, aa 
Bigamicr acral (ki@s)ias 2 455. soe iL .82 ena ee sraPe eee nee me GS 
Wie (EON e 5520 a eee 12.39 8.84 14.60 13.09 5.93 
IVMOES UUme reyes ate oes suds 10.72 D Ba A Sad A eet Nal eee eae 
“TRG II ey, aa cane ae ee 100.19 | 97.97 101.29 99.63 99.74 
I. Bibbville, Ala. Ala. Geol. Surv., Bull. 6, p. 152, 1900. 
II. Mecca, Parke County, Ind. Ind. Dept. Geol. and Nat. Res., 29th Ann. Rept., p. 507, 1905. 
III. Mineral Point, O. (Flint-clay). Mo. Geol. Surv., XI, p. 591, 1896. 
IV. Salineville, O. (Flint-clay). Ohio Geol. Surv., VII, p. 221, 1893. 
V. Lower Kittanning clay, New Brighton, Pa., 2d Pa. Geol. Surv., MM, p. 262. 
VI. Bolivar flint fire-clay, Salina, Pa. Ibid., p. 259. 
VII. Woodbridge, N. J. No. 1 fire-clay, N. J. Geol. Surv., VI, p. 441, 1904. 
VIII. Boone Furnace, Ky. Coal measures, U. S. Geol. Sury., Prof. Pap, 11, p. 119. 
IX. St. Louis, Mo. Mo. Geol. Surv., XI, p. 571, 1896. 
X. Piedmont, W. Va. Mount Savage clay, W. Va. Geol. Surv., III. 
XI. Athens, Tex. O.H. Palm, analyst. 
XII. Golden, Colo. U.S. Geol. Surv., Mon. XXVII, p. 390. 
XIII. Dry Branch, Ga. U.S. Geol. Surv., Bull. 315, p. 303, 1907. 
XIV. Coal-measures clay, Utica, Ill. Ill. Geol. Surv., Bull. 4. 
XV. White clay, Subcarboniferous, 5 m. s. e. Bonnieville, Ky. Ky. Geol. Surv., Bull. 6. 
XVI. ‘“‘Aluminite,’’ Olive Hill, Ky., Carboniferous. Trans. Amer. Ceram. Soc., IX, p. 461, 1907. 


. White siliceous Tertiary clay, N. Dak. 


4th Bien. Rept., Dak. Geol. Surv. 


Physical properties..—The range in physical properties exhibited by 
a number of fire-clays from different localities is as follows: 


Tests oF FIRE-CLAYS 


Plastic Flint 
Water plasticity.........| 12.9-387.4 , 8.89-19.04 
Volume air shrinkage... .| 6.67—28.80 | 2.36-21.12 
Linear air shrinkage..... 1.7-9.4 0.78-6.59 
Tensile strength dried... . ZNSS, le poaboadts 


1 For further information see reports on those states containing fire-clays. 
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Tests or Some MaryLanp Puastic Frre-cLays SUITABLE 
For No. 1 FrRe-BRICK 


Apparent Apparent Volume 
deme Md porosity, specific shrinkage, 
per cent gravity per cent 
1150 4. 6-24.9 2.46-2.67 15.7-34.1 
1200 2.3-23.0 2.39-2.67 18.7-36.0 
1250 1.3-23.8 2.36-2.68 22. 2-37 .4 
1275 0.9-21.9 2.35-2.65 23 .0-36.5 
1300 0.5-22.1 2.35-2.64 22.6-36.1 
1325 1.1-20.4 2.35-2.61 22.4-35.5 
1350 0.8-20.0 2.33-2.61 2D2a-OD a0 . 
1375 1.4-18.7 2.30-2.60 24.5-34.5 4 
1400 2.0-18.9 2.23-2.61 2329-3020 


Softening point, cones 31-32. 


Tests or Maryuanp Furnt Cuays ror No. 1 Frre-Brick * 


Tein Apparent Apparent de 
°C. porosity, specific shrinkage, 

per cent gravity per cent 

1150 25.0-40.0 2.02-2.74 8.6-17.9 
1200 26.0-41.0 2. 00-2. 74 8.2-19.7 
1250 26.741 .3 2.08-2.73 9.8-18.9 
1275 24 .8-43 .2 2.09-2.74 8.0-18.6 
1300 25 .2-43 .8 2. W278 7.6-18.6 
1325 23.7-45.6 2.12—2.'70 (Salle Ae 
1350 24 3-43 .2 2.06-2.'70 6.6-16.8 
1375 25.0-44.2 2 .03-2.'70 4.51-16.3 
1400 24 .8-47.1 2.04-2.64 Bo2-LO oe 


* From Md. Geol. Survy., vol. XI, Pt. II. 


Occurrence and distribution.—I'ire-clays may be of either residual 
or sedimentary origin, and of the two the latter are by far the more 
important commercially. This class is further subdivisible into plastic 
fire-clays and flint-clays. The former are plastic when wet, the latter 
are hard and flint-like, with a smooth, shell-like fracture and dense 
texture. They develop but little plasticity, even when ground fine, 
but are usually highly refractory. Flint-clays are found at a number 
of points in the Carboniferous of Pennsylvania, Ohio, Maryland, Ken- 
tucky, and West Virginia, where they occur often underlying coal- 
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seams and in the same bed with the plastic clay, the two showing no 
regularity of arrangement, and often differing but little if at all in 
chemical composition. They are also known in the Cretaceous of 
Georgia, the Tertiary of Alabama, and the Cretaceous of Colorado. 
Their peculiar character has been a puzzling problem to geologists, 
but it seems probable that they may have been formed by a solution and 
reprecipitation of the clay by percolating water subsequent to its forma- 
tion. A second type of flint-clay is that found occupying basins in 
Paleozoic limestones in Missouri (which see). Some flint-clays show 
a higher alumina content than is required for kaolinite, and they are 
thought to contain pholerite. Others may carry diaspore (Missouri) 
or gibbsite (Kentucky). 

}amany States ! fire-clays are often found underlying coal-beds, and 
on this account it has been suggested that their alkalies and other fluxing 
impurities have been abstracted by the roots of plants which grew in 
the swamps in which these clays were deposited, while the decay of 
these plants later gave rise to the coal-bed overlying the clay. This 
theory seems rather improbable, as in some States, such as Michigan 
and Alabama, the clays and shales underlying the coals always contain 
sufficient impurities to render them non-refractory. Furthermore, the 
extensive beds of refractory clay, found in the Tertiary-Cretaceous 
formations of the Atlantic and Gulf coastal plains, are very rarely 
associated with coal-beds.? 

We must, therefore, assume that these clays were either derived from 
rocks running low in fusible impurities, or else that these were removed 
by solution during the transportation and deposition of the clay par- 
ticles. 

In the United States fire-clays are widely distributed, both geologically 
and geographically. The most important occurrences are in the Car- 
boniferous of Ohio, Pennsylvania, Kentucky, Indiana, Illinois, Mary- 
land, West Virginia, and Missouri. Many other deposits are, however, 
found in the Cretaceous of New Jersey, Maryland, Georgia, South 
Carolina, Alabama, Texas, Iowa, Colorado, South Dakota, etc., and in 
the Tertiary of New Jersey, Georgia, South Carolina, Alabama, Texas, 
Arkansas, and California. 

The clays near Lester, Ark., which occur in the Wilcox formation 
were also worked at one time. Some have been obtained from the 
Woodbridge district of New Jersey. 

In Canada the most extensive deposits of refractory clay occur in 
southern Saskatchewan, and southwestern British Columbia. 

1 Ohio, Pennsylvania, Kentucky, Indiana, and West Virginia. 
2 See Coal-measures fire-clays, p. 29. 
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SAGGER-CLAYS 


Saggers are containers in which white wares or other clay products 
are placed in firing to protect them from the gases and dirt of the kiln. 
They are usually made of a mixture of clays, most of which are of refrac- 
tory character. 

A mixture employed! consists of a vitrifying bond clay, an open 
burning clay and grog. Excess of the first may make the sagger sensi- 
tive to temperature changes, but a deficiency causes weakness. The 
mixture should have good strength in its dry condition, and be free from 
iron or granular materials liable to cause spitting or popping out. A 
small addition of kaolin or similar open-burning clay is sometimes bene- 
ficial. The real value of a sagger mixture lies in its life when repeatedly 
used. They are rarely exposed to a temperature of over cone 13. 

Bleininger ? classifies sagger clays as follows: (1) Those having a 
drying-shrinkage of 7 per cent and a fire-shrinkage at cone 8 of 5.5 per 
cent; absorption at cone 8 of 2.5 per cent, transverse strength dry, 
120 lbs. per square inch. They have good strength in the first fire but 
overburn gradually and sometimes soften in subsequent firings; (2) dry- 
ing shrinkage, 6.2 per cent; fire-shrinkage, 3.4 per cent; absorption 
at cone 8 is 12 per cent; dry strength, 120 lbs. per square inch; (3) dry- 
ing shrinkage, 7 per cent; fire-shrinkage, 6.8 per cent; absorption, 2.3 
per cent; dry strength, 220 lbs. per square inch. Do not shrink or over- 
fire in repeated firings. (4) Drying shrinkage, 4 per cent; fire-shrinkage, 
4 per cent; absorption at cone 8, 15 per cent; dry strength, 80 lbs. per 
square inch; quite high in silica and do not overfire. Clays 1, 2 and 
3 are said to give the best results.* 

The following figures give the results of physical tests on fifty-one 
sagger clays by Heindl: 


Puysican Trsts or Sacarer Cuays 


VIED TIUOUIN D Goocckancuaanwoawd per cent.. 13.7-31.7, av. 19.5 
Volume air shrinkage.............. per cent... ~9.1-16:9, av. 1321 
Ihineavannishminikaesny eee percent.. 2.8-6.1, av. 4.5 
IOS CIOS 5 coon copooensunsse per cent.. 24.4-50, av. 31.9 
Modulus of rupture, dry, pounds per square inch 46.0-386, ay. 221 
pSLOTRevOUnAER TXT, COM Gon oaccenogaacnsduance 14+ -30 


} Brown, G. H., Jour. Amer. Ceram. Soc., I, p. 716, 1918. 

? Brick and Clay Record, LX, p. 39, 1922. 

*See also: Moore, B. J., Trans. Ceram. Soc. (Eng.), XX, p. 93, 1921; Heindl, 
R. A., Jour. Amer. Ceram. Soc., IX, p. 131, 1926; Geller, R. F., and Heindl, R. A., 
ibid., TX, p. 555, 1926; Searles, Refractory Materials, Their Manufacture and Uses, 
2nd ed., 1924, p. 442; Twells, R., Jr., Jour. Amer. Ceram. Soc., VI, p. 949, 1923. 
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Rance in Mopunus or Rupture or Frrep Saccer Cuays 


Temp., °C. | Minimum | Maximum Average 
1110 405 3850 2600 
1150 500 4340 1880 
1180 510 4340 2030 
1230 620 5350 2320 
1270 610 4850 2590 
1310 155 4960 2760 


RANGE IN Porosiry AND VOLUME SHRINKAGE OF SAGGER CLAYS 


Porosity Volume shrinkage 
Temp., 
XG: 
Minimum | Maximum} Average | Minimum | Maximum] Average 

1110 18.0 23.5 L929 2.2 14.9 10.0 
1150 17.4 46.5 ol 1 1.9 16.3 7.6 
1180 13.9 45.9 30.8 Peal 18.2 8.3 
1230 8.1 40.8 PAG AL 4.0 24.7 iil.@ 
1270 L.@ 38.5 22.5 2.1 35.7 14.3 
1310 8.8 39.2 25.0 Phe 30.2 11.0 


STONEWARE-CLAYS 


Physical properties.—Stoneware is usually made from a refrac- 
tory or semi-refractory clay, but at some small potteries a much lower 
grade of material is used. While the material is often as refractory as 
a clay used for fire-brick, it differs from it in burning to a very dense 
body at a comparatively low temperature. It should have sufficient 
plasticity and toughness to permit its being turned on a potter’s wheel; 
good bonding strength, rather long firing range, low air- and fire-shrink- 
age, and yet sufficient refractoriness to make the ware hold its shape in 
burning. Concretionary minerals, such as iron or lime, which are liable 
to cause blisters, should be avoided. Most stoneware is now made from 
a mixture of clays, so as to produce a body of the proper qualities, both 
before and after burning. 

For the manufacture of chemical stoneware great care is necessary in 
the selection of the raw materials, and a mixture of three or four clays 


may sometimes be used. 
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The following analyses give the composition of stoneware clays from 


a number of different localities: 


ANALYSES OF STONEWARE CLAYS 


I II Ill IV V VI VII | VIII 
Silitce) (SHOR) S oo nasaceue 67.10 | 71.94] 67.84] 57.20] 64.26] 68.3 | 60.34) 69.23 
Alumina (Al,03)......../19.37 | 17.60] 21.83) 24.82] 22.95) 20.1 | 20.55) 18.97 
Ferric oxide (Fe.O3)....| 2.88 | 2.385) 1.57) 3.25) 1.28) 1.0) 3.53) 1.57 
Inssqoeion cols (NEO) oo cclloe codellews -collesccae 14D | eee ite .49 Bis 
linen (Ca ©) eee ore 62 28 iS wt tae .38 .12 
Magnesia (MgO)....... 725| 56 .24/ 13, 37) 2.41 1.12] 36 
Potash (se O)}paeee eee 672) 1250) 92224 -03| 196K tr: 2.89| 2.27 
Soda; (WN asO) os yte ete eis ceetemere ells coonsne ye || eco eer al | eee en eee 6 ER .33 

Mitanic acid. CLi@s) cm srw teraereeel| eae eyaraes | = ce ee | eae te ee 122 -92| 1:5 
Wiehe (SO) os6oncoconol) Gos SPH 15. 8.25] 6.74 6.6 6.42) 5.46 
INMONSUUIRS oc obo o Pasa « ital 1702 8 Zl ON 2 Oo enw 2 30)||2 0 ee 
IPs ayant CKO, (EHO is a5 co cllacconclosnssollseocc0)bocascissooe- B55) ae es 
TLotaleu.ceote eee ees 98 .537|100.85}100.70| 97.83)100.06/100. 20/100. 27/100. 37 


I. Thirteen miles from Fayette C. H., Fayette County, Ala. Ala. Geol. Surv., Bull. 6, p. 176, 


1900. 
II. Calhoun, Henry County, Mo. Mo. Geol. Sury., XI, p. 564, 1896. 
III. Woodbridge, Middlesex County, N. J. N.J. Clay Rept., 1878, p. 99. 
IV. Lincolnton, N.C. N.C. Geol. Surv., Bull., 18, p. 78, 1897. 
V. Akron, Summit County, O. Ohio Geol. Sury., VII, p. 94, 1893. 
VI. Elmendorf, Bexar County, Tex. O. H. Palm, analyst. 
VII. Bridgeport, Harrison County, W. Va. W. Va. Geol. Surv., III, p. 162, 


1906. 


VIII. Huntingburg, Ind. Ind. Dept. Geol. and Nat. Res., 29th Ann. Rept., p. 508, 1904. 


The following data give the physical properties of nine stoneware 
The samples 


clays from the Carboniferous of Ohio and Pennsylvania.! 
were all washed through a 150-mesh sieve: 


PuysicaL PRopERTIES OF STONEWARE CLAYS 


RAW CLAY 


Porosity, per Cent .wercowact angers tas ae eee 25 
Modulus of rupture, pounds per square inch................ 191 
Per cent total water in terms of true clay volume........... 37 
Per cent shrinkage water in terms of true clay volume....... 34 
Ratio percentage pore water to percentage shrinkage water... 0 
Water plasticity in terms of dry weight.................... 28 
Volume: air shrinkage’ \..c45. alah gee ee eee 26 


ay = 2) 7 
.0 —499.2 
ll = 5) 6 
(OR atom) 
il Wl 
Ol otees 
Prise ee 


1Schurecht, H. G., U. 8. Bur. Mines, Tech. Pap. 233; and Jour. Amer. Ceram. 


Soc., I, p. 267, 1918. 
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FIRED CLAY 
Modulus of rupture, pounds per square inch Cone 6 4,666-10,448 
Cone 8 4,820- 8,680 
Cone 10 2,716— 7,505 
‘Apparent porosity, per cent.............. Cone Ol 17.58-26.75 
Cone 4 0.14-17.50 
Cone 8 0.08-— 5.23 


Cone 12 0.17— 8.80 
Cone 14 1.72-11.70 
Volume shrinkage, per cent.............. Cone 01 8 .43-20.45 
Cone 4 1785-82 .40 
Cone 8 21.90-30.10 
Cone 12 3.40-41 .25 
SoltenssatecONen tsar cee eee eae one eee 18-31 


Stoneware clays are used not only for the manufacture of all grades 
of stoneware, but also for yellow ware, art ware, earthenware, and more 
recently even for terra-cotta. 


TERRA-COTTA CLAYS 


Terra-cotta is made from many different kinds of clay, but most 
manufacturers of this material are now using semi-fire clays, or a mixture 
of these with a more impure clay or shale, since these give the best 
results at the temperatures (cone 6-8) usually attained in their kilns. 
Some are used because of their dense-burning character and bonding 
power, others because of a low shrinkage and freedom from warping, 
while absence of soluble salts is an important as well as desirable property 
in all. 

Buff-burning clays are commonly chosen, partly because they burn 
to a hard body at the desired temperature, and there is little danger of 
overburning. The color of the body is of no great importance, since 
the final color is applied superficially. Very few terra-cotta manu- 
facturers at the present day employ a low-grade clay. 

The soluble salts are undesirable, because in drying they may come 
out through the color-slip, but they can be rendered insoluble, if neces- 
sary, by treating the clay with barium chloride or carbonate. 

To give a tabulated statement of the properties of clays used for 
terra-cotta manufacture would involve listing a very large number. 
It may be of interest, however, to give the properties of a terra-cotta 
mixture used at a large Kastern factory, the tests being made on a soft 
vreen body, as tempered at the works. Its physical properties were 
us follows: ! 


1N. J. Geol. Surv., Fin. Rept., VI, p. 270, 1904. + 
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Air-shrinkage, 44 per cent; tensile strength, 97.5 lbs. per square inch. 
Its behavior in burning was as follows: 


Cone O01 Cone 5 Cone 10 
| 
Fire-shrinkage.... . 1.5 per cent 4.8 per cent 5 per cent 
Tela clin ess) seen eee not steel-hard nearly steel-hard | ...... 
Absorption........ very absorbent slightly absorbent | nearly impervious 
Colonseerren een eee pale buff gray buff gray buff 


In making terra-cotta the clay is not carried to the temperature 
last given, as there would be danger of its warping, but it is usually 
fired between cones 6 and 8, at which point this danger is greatly, if 
not entirely, diminished. 

The table on page 345 giving the physical character of some of the 
New Jersey clays used for terra-cotta manufacture shows what a variety 
of materials are employed.! 

Wilson ? gives the requisite property for a terra-cotta body as fol- 
lows: (1) Excellent plastic working properties to permit the pressing 
of intricate shapes and large pieces. A minimum plastic tensile strength 
of 2 Ibs. per square inch. (2) A maximum of 5 per cent drying shrink- 
age (linear). (3) Sufficient dry strength to enable the large pieces to 
be handled without breaking or rubbing off. The dry transverse 
strength should be near 350 Ibs. per square inch. (4) A piece of terra- 
cotta approximately 1 ft. 6in. X 1 ft. X 6 in. should dry without crack- 
ing or warping in thirty hours in the common steam drier. This can be 
reduced to eighteen hours in a humidity drier. Larger pieces will take 
a longer time. (5) The total shrinkage should not be over 1 inch per 
foot. (6) Good strength must be developed by cone 6. The crushing 
strengths of terra-cotta ware range from 3,500 to 13,500 Ibs. per square 
inch with an average near 8,000 pounds. (7) Absorption range is from 
near 8.00 to 22.00 per cent. Average near 14.3 per cent. (8) The 
fired color must be buff, light gray or light brown.® 

Clays suitable for terra-cotta manufacture are widely distributed, 
but those mostly used in this country are the Cretaceous clays of New 
Jersey and the Carboniferous clays of Pennsylvania, Indiana, and 
Missouri. ‘Tertiary clays are also used along the Pacific Coast. 


IN. J. Geol. Surv., Fin. Rept., VI, 1904. 

2 Wilson, H., Bull. Amer. Ceram. Soc., V, p. 97, 1926. 

*See Wilson, H., Monograph and Bibliography on Terra-cotta, Bull. Amer. 
Ceram. Soe., V, pp. 95-145, 1926. 
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SEWER-PIPE CLAYS 


Since the body of a sewer-pipe is vitrified or nearly so, the clays used 
must be such as will produce this type of body at the proper tempera- 
ture. They should be sufficiently plastic to mold in the pipe press, dry 
and burn without warping or cracking, have good transverse strength 
when dry, and show freedom from soluble salts, as well as from lumpy 
fusible impurities. The composition should be such as will permit the 
taking of a salt glaze! The pipe may be fired at as low a temperature 
as 1000° C., or usually appreciably higher. 

The raw materials used may be a red burning vitrifiable shale or 
clay or a mixture of an impure clay with fire-clay. 

In the following table there are given the analyses of sewer-pipe 
clays from a number of different localities. 


ANALYSES OF SEWER-PIPE CLAYS 


I II Ill IV Vv 

Silves (SOs) hare aeesee ee ha aar ne ene eae ae 57. 10 | 55.60) | 63.00) | 59.96 || 57.52 
Nikiwantny, GNIGOR) sancoos¢copeoeueeren se PARAS) || PLE BYE DSi nye || Useytey |) OAL 7c 
Herricroxdclem (he ©) ene inant ter oe Ome 1.87 Ved 3.41 
iMeradens @paels (EO 6 5 concen sarc scceloosccectemcoce- AG) See 3.70 
Tames Ga. © eeeeee crane ier eae en eer a .29 43 44 .60 .60 
Migeonesian (Vc ©) Reenter nn iL SS BG 89 .93 .88 
Potash ( KO) ee eee eee 3.44] 3.00] 3.40] 3.66] 3.57 
SOC PONE Ollis sn. aecmpeindc nwo eulowhe 2% 61 09 £207 | eee .03 
Ddireyaoben, Cpe MO) 6 55oc av ccondesaulleancceslesceace Ved LOR: WE com eaer 5 .83 
Wen PERO acco h snco ds ogee doo Se On OOM Geom On CaO T.20 
Moisture Seas tae, eee reece: 1.30 2) O58 icc en eh eae 86 
SHUlolaniye TAKAKO (ROM isn ooasocccncdoodll:aasseclaooesselleancsoe 1D al ae eee 
Rhosphorushpentoxid en ¢s Or) ee reereraet es ee tae eee ee a 14 

Total Saat ee ee ee 98.87 | 99.74 |100.47 | 97.06 |100.57 


I. Shale, Canton, O. Ohio Geol. Sury., VII, p. 133, 1893. 
II. Shale and fire-clay mixture. Ibid. 


III. Underclay, Mecca, Parker County, Ind. Ind. Dept Geol. and Nat. Res., 29th Ann. Rept., 
p. 114, 1904. 


IV. Laclede mine, St. Louis, Mo. Mo. Geol. Surv., XI, p. 570, 1896. 


VY. Kittanning clay. Mtna mine, New Cumberland, W. Va. W. Va. Geol. Surv., III, p. 
219, 1906. 


‘ Barringer, L. E., The relation between the constitution of a clay and its ability 
to take a good salt glaze, Trans. Amer. Ceram. Soc., IV, p. 211. The ratio of alumina 
to silica should be 1 : 4.6 to 1 : 12.5. 
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The following figures compiled from a number of different sources 
will serve to show the wide range of properties exhibited by sewer-pipe 


clays: 


Rance or PuysicaL Properties oF SHwerR-PIPE CLAY 


Wisiteriot plasticltvenemieni inertia: per cent.. 18.01-36.2 
Shrinkaperwaterjcmeietleasisetiane oc: per cent.. 10.6 —24.0 
Poreswater se cct thr teers hoarse atacarnst percent.. 7.6 -15.4 
dineantain shrinkage qeey enti hre ane percent.. 3.62-10.5 
WVoltmeairshrinka ges er serere se ciata te: per cent.. 16.20-22.9 
Modulus of rupture...... pounds per square inch. . 190-589 
Temp. Porosity then eee 
See a fire shrinkage, | fire shrinkage, 
Cc: per cent 
per cent per cent 
990 22 59-23 . 50 4.73-— 6.40 1.60-2.18 
1090 21.38-23 .45 10.32-10.36 3.5(-8.58 
1230 DA 20) BM linmeecaser. alae reser 3.3 -8.5 
1250 10.58-12.41 15.48 5.45 
1310 A -13.1 14.98 4.6 -9.4 


The sewer-pipe clays in the Eastern and Central States are obtained 
chiefly from the Carboniferous formations, and to a small extent from 
the Devonian ones. The Cretaceous and Tertiary beds of the coastal 
plain States are not as a rule adapted to sewer-pipe manufacture, but 
in the Rocky Mountain region and Black Hills area some of the Creta- 
ceous shales have good vitrifying qualities. Pleistocene clays are used 
only to mix in with the other materials. Triassic shales are used in 
North Carolina. 


PAVING-BRICK CLAYS 


The materials used for paving-brick are similar to those employed 
for sewer-pipe. The clays should therefore fire to a vitrified body at a 
relatively low temperature. They should mold easily in a stiff-mud 
machine, and have sufficient strength. 

Shales are the most commonly used type of raw material, but low- 
grade fire-clays and vitrifiable plastic clays may also be employed. 
Carboniferous shales are extensively worked in Ohio, Pennsylvania, 
Indiana, and Illinois. In New York and Maryland, Devonian shales 
have been made use of, while in some of the Western States the Creta- 
ceous and Tertiary shales have been found to be of importance. 
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The following figures give the range of composition of paving-brick 
clays, although little regarding their physical properties can be ascer- 
tained from them: 


= yr * 
RANGE oF COMPOSITION OF PAVING-BRICK CLAYS 


I 
Minimum | Maximum | Average 
Silican(SiO>) eae eee 49.00 75.00 56.00 
Alumina CAllsOs) eee |e le OO 25.00 22750 
Ferric oxide (Fe203).. . 2.00 9.00 6.70 
Ibias (ORO) oaoccoune: .20 3.50 1.20 
Magnesia (MgO)...... 10 3.00 1.40 
Alkalies (Na2O,K20) ... 1.00 5.50 3.70 
emit onl OSs eee 3 00 13 00 7.00 


* Mo. Geol. Surv., XI, p. 456, 1896. 


RANGE OF CoMPOSITION OF JowA PAVING-BRICK CLAys * 


| 

Maximum,; Minimum, 

per cent per cent 
Silica (SiOa) ees eee nee eee 74.58 58.56 
NKerreunee, NOD) cocosoncoceccccac|) Pe Se 8.28 
Herricroxicdex(¢hies ©) sits NTA 2.88 
Lime.(CaO) eae ree 3.42 E55 
IMievenaversyig), (IMO) 5 ooo co ee ee 3.47 1,22 
Potashi(kG ©) aes eee 1b ss .29 
Soe ky NEW ONeme cope cusoanenesuce 1.79 1.08 
Weartert (Elc@)i cee an recreate Deoo 1.07 
@arbontdioxiden(© O>) eee Dy SRR ete 
Sulphur trioxide (SOs) ........... 1.85 IED 
Moisture seranie crlcere: cee eee 1138 .28 


* Ia. Geol. Surv., XIV, p. 229, 1914. 


The analyses show a rather high percentage of total fluxes. 

Clays for paving-brick should possess fair plasticity, since they are 
commonly molded by the stiff-mud process; they should have good 
transverse strength, and a long firing range. 

The figures given below represent the range in characters of eighteen 
paving-brick shales and clays from Indiana, Missouri and Kansas:! 


1 Purdy, Ill. Geol. Surv., Bull. 9. 
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PuysicaL Properties or Some Pavina-BrRIcK SHALES AND CLAYS 


Per cent 
Wicterplasticlive asters ate spy es Aes. ke Acts 11.80-19.60 
Wolumevaimishniniks ¢enpyarcr er aaa dc ii Levers es tease iccie 3.54-18.29 
inca teates shri cay 6 ce eeaece me tes nets es tne sce ee .90— 5.82 
d RLOLRESNN A Obey Mihm oa Cabs econ Mra Romeo bee Lv, 80=28786 
Pounds per square inch 
Pliensilesstreng th smears eerie eee hres 57-318 
AMOS GUSSIG ag aliny eee s Go bod on oSueEh cogboad Coulsooe 2.41-2.73 
Ga Porosity, Specific 
per cent gravity 
010 26 5-28 .1 2.36-2.70 
08 20.8-36.4 2.48-2.7 
06 25.4-33.4 2.49-2.73 
04 16.2-31.6 244-2 .72 
02 15.7-26.8 2.36-2.69 
1 15.5-28.0 2.41-2.68 
3 6.4-22.7 2.31-2.6 
5 1.4-13.4 2.05-2.47 
i 1.6-12.4 1.93-2.36 


BRICK-CLAYS 


Common brick.—The clays or shales used for common brick are 
usually of a low grade, and in most cases red-burning. Calcareous 
cream burning ones are occasionally employed, from necessity rather 
than choice. The main requisites are that they shall mold easily and 
burn hard at as low a temperature as possible, with a minimum loss from 
cracking and warping. Since many common clays or shales when used 
alone show a higher air- and fire-shrinkage than is desirable, it is cus- 
tomary to decrease this by mixing some sand with the clay or by mixing 
a loamy or sandy clay with a more plastic one. 

Common-brick clays vary widely in their composition, but most of 
them contain a rather high percentage of fluxing impurities. 

While the chemical composition is of importance in affecting the 
color-burning qualities and fusibility of the mass, the physical characters 
are even more important, since they affect not only the color in burning, 
but often exert an influence on the process of molding to be chosen. 

The following analyses will serve to represent their range in com- 
position: 


350 KIND OF CLAYS 
ANALYSES OF BRICK-CLAYS 
| 
I II Ill IV Vv VI VII | VIII} Ix 

Silican(S1©>) meee 66.67/71.50| 42.28] 68.62/52.30/56.50 | 88.71/18.62/56.81 
Alumina (A1,O3)..... 18.27]/13.86| 8.26] 14.92/18.85]19.31 | 4.88] 3.23/20.62 
Ferric oxide (Fe.O3).| 3.11] 4.78} 3.84] 4.16] 6.55) 5.89 | 2.00) 1.26) 6.13 
times (C210) eee 1.18) .56) 13.05] 1.48) 3.36} 1.00* .30/41.30) .65 
Magnesia (MgO)....! 1.09} .11 6.01] 1.09] 4.49) 1.85* .97| .42) .58 
Potash (i ©) eee Atop OA Ae Oeil a0) Cees) Biss |) ime Nose 4.47 
Soda (Na,O).. 3 LO, 3 Stl £40) 2 36\ eles eee tr [een eee 
Titanic acid (TOs). .85} 1.44 5 OB | eRe | Peeecceal | Were SOO) irs |e 
Water (H.O).. 4.03} 4.61 Ez 07 { 3.55) 5.30 9.477, 2.28) 2.42! 8.60 
Carbon dioxide CO») SEE gene oa | odes 3804 eeee ee eae 325 50\easee 
Manganese dioxide 

GNU SILO ES hah ugha alah egal ea bveolls a urgeian GA ai ats Hgerisics, (oe ene eee ae [ans 
ININGHSEREDR rns rene oon oO ecctaul e ee exalle e SR SIE Det Bloc, He S| woe elle eee eee | 1.64 

Ota tae 99 .42/99.96} 98.56|100.60)99.89/100.00)100.04/99.75\99. 50 


I. Pleistocene clay, Little Ferry, N. J., N. J. Geol. Surv., VI, p. 220, 1904. 

. Pleistocene clay, Richmond, Va., Va. Geol. Surv., Bull. II, p. 130, 1906. 

. Calcareous Pleistocene clay, Whitewater, Wis., Wis. Geol. and Nat. Hist. Surv., 
1906. 

. Loess, Guthrie Center, Ia., Ia. Geol. Surv., XIV, p. 541, 1904. 

VY. Salina shale, Warners, N. Y., N. Y. State Mus., Bull. 35, p. 830, 1900. 

. Carboniferous shale, Grand Rapids, Mich., Mich. Geol. Sury., VIII, Pt. I, p. 41, 1899. 

. Pleistocene brick loam, Texarkana, Tex., O. H. Palm, anal. 

. Seguin, Guadeloupe County, Tex., O. H. Palm, anal. 

. Residual clay, Greensboro, N. C., N. C. Geol. Surv., Bull. 13, p. 114, 1897. 


* Determined as carbonate. 
} Includes organic matter. 


Bull. XV, 


The range of characters of brick-clays, taken from a number of dif- 
ferent sources are given below: 


RANGE oF PuHysicAL PROPERTIES OF BRICK-CLAYS 


Per cent 
Wiaterotplasticrt yay wm cn-e ier etteiteteratnet een een eee 13 .2—-40.70 
linear: aur ishirin kalc'e aera 0-13 


Pounds per square inch 


Modulus of rupture 50-1500 


Tensile strength. RA Se ee nt eo AS ONS oo 64-513 
¢——_- eee a 
at Linear | ; | 
lemp., aN aie Porosity, | Absorption, 
oC ire shrinkage, Re t 
; per cent os Lee 
950 0- 3.4 21.8-37.8 8.6242 .58 
1050 29.23) een sere 2.73-37 .20 
1150 OS) M scoootece 0.00-34 . 67 
1170 Ox 8.51 | ier herent 0.05-21.60 
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Distribution.—Common brick-clays are widely distributed both geo- 
logically and geographically. Those employed are commonly Pleisto- 
cene clays of surface character. Shales are less frequently used. Re- 
sidual clays are often utilized, especially in the Southern States. 

Some pretty poor clays are at times made use of for common brick 
manufacture, but this is due to the fact that such products will not 
always bear the cost of long transportation, so local sources of supply are 
drawn upon. 

Two varieties of brick-clay, of common occurrence west of the Missis- 
sippi River, may be mentioned here. 

Adobe.—This is a calcareous silty clay, common throughout the 
Southwestern States and much used for making sun-dried or adobe brick. 

Analyses of some adobe soils, showing their calcareous character, 
are given below. 

Loess.—This name has been applied to extensive Pleistocene depos- 
its, which are not unlike adobe, but regarding whose origin there has been 
much dispute, some claiming them to be of subaqueous origin, while 
others consider them to be xolian formations. The loess is a very 
common deposit throughout the Mississippi Valley, and much used for 
brickmaking. Analyses by Russell! are given in the first table on 
p. 352. 


ANALYSES OF ADOBE SOILS 


if II Ill 

SINR (RRONIE aah tateeties ao oe aee 58.19 | 19.24 | 66.69 
Niteniwas: UNO anos ensdso8 hoomose 11.19 Be PAS | ZL WE 
Hermicroxiden(besOn)ineee meee PAA 1.09 4.38 
Abas (KCCKONE Stl da ben bergen cements ae 12.16 | 38.94 2.49 
Witeyeaarssiay, (MRO). 5 oso cues oon eoeee 80 PDs 2s 
Potash (©) anaes eee ener, tr. iii 12 
SodasdNiarOle cas ween n tices 18 tii 67 
Mitannimn Oxide (biO>ea gee an 1 OS errata aia.6 cee eet 
Veh (EIA O) Ae nn Oo dase Sido Oe ot 2.00 il 67 4.84 
Cardoen chien siels) (Oa) onion acne anno 6 8.00 | 29.57 UG 
Phosphorus pentoxide (P2O;).......|....... .23 .29 
Siiloltivee astonoete: (SO plo c oc acu ocmienilcescace 8 Al 
Chiorinen (Clery aceite tc <bnarichacn ee ae zal 34 
Oneanicpmatten cep ser cce i tae Cece ike 2.96 2.00 

Reus Ape rs CRASS aa coca Ie ene 96.34 |100.35 | 99.53 


I. Laredo, Tex. O. H. Palm, analyst. 
Il. Salt Lake City, Utah. L. G. Elkins, analyst. U.S. Geol. Sury., Bull. 228, p. 367, 1904 
III. Santa Fé, N. Mex. Ibid., p 368. 


1 Geol. Mag., VI, pp. 289 and 342, 1889. 
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ANALYSES OF LOESS 


I II ILE IV 
shies (SMO) 5 ab ocnsaacecn ar 72.68 | 64.61 | 74.46 | 60.69 
‘Alumina, (AILOs meee lL 2. Ods LOL Gs L226 1.95 
Ferric oxide (Fe203).......- 33. (58! 2.61 35745) 2.61 
Ferrous oxide (FeO)........ .96 il 12 .67 
Tne (CaQ) (ee eee 1.59 | 5.41 | 1.69] 8.96 
Magnesia (MgO)... 2.5... -5. iL WL 3.69 ee, 4.56 
Potmen (&GO)s dec naccocness males 2.06 1.83 1.08 
Socks, GNGHO) cco csaccoegoone 1.68 iL as 1.43 Ty 
Titanic oxide (TiO2)........ 2 .40 14: nDZ 
Phosphorus pentoxide (P20>) . a3 06 09 13 
Manganese oxide (MnO)... . .06 .05 .02 12 
Carbon dioxide (CO2)....... .39 G23! .49 9.63 
Sulphur trioxide (SO;)...... ail sella .06 es 
Carbon: (C)asirs ena ces ee: 09 a3 12 19 
‘WiatersCH>O)eacneer cere ere | eet Oe me ens mec eis 
Totalin eens, eo eee 100.21 | 99.99 | 99.78 | 99.54 | 


* Contains H of organic matter dried at 100° C. 


in the below. 


ANALYSES OF PRESSED-BRICK CLAYS 


Face brick.—F ace brick call for a higher grade of clay. 
now in use fall mostly into one of three groups, namely, 1, red-burning 
clays; 2, white-burning clays; 38, buff-burning clays, usually semi- 
refractory. The composition of a sample of these three types is given 


Silican(s1O)>) eae 


Ferric oxide (Fe2Os) 
Lime (CaQ) 
Magnesia (MgO) 
Potash (IX,0) 
Soda (Na.O) 
Titanium oxide (TiO.).. 


Moisture 


I II Ill 
...| 68.28 | 63.11 | 65.78 
Alumina (Al,03)...........| 18.88 | 23.30 | 14.79 
CTA de 2.60 | 2.23 03 
Se ee 70 3 54 
Shy Rcaae He 97 42 
Perr oe ys .93 | 2.82 
Sr eee } An28 { 49 97 
me OT ate 1.00 
Water (H,0).....5) ee 64 er eens 
en ahest:,, 76 ek octal aoe ee 

ee es 24 


The kinds 


I. A clay used for white brick, Grover, N. C. N.C. Geol. Surv., Bull. 18, p. 81, 1897. 


Il. Hocking Valley, O., clay. 


L. E. Barringer, analyst. 


III. Shale from Cayuga, Vermilion County, Ind. 


Rept., p. 508, 1904. 


Supplied by A. V. Bleininger. 
Ind. Dept. Geol. and Nat. Res., 29th Ann. 


BRICK-CLAYS 353 


The physical requirements of a pressed-brick clay are (1) uniformity 
of color in burning, (2) freedom from warping or splitting, (3) absence 
of soluble salts, and (4) sufficient hardness and low absorption when 
burned at a moderate temperature. The air-shrinkage and fire-shrink- 
age, as well as transverse strength, vary within the same limits as com- 
mon. bricks. 

Red-burning clays were formerly much used, but in recent years 
other colors have found greater favor, and the demand for the former 
has greatly fallen off. Buff-burning, semi-refractory or refractory 
clays are, therefore, much employed now, partly on account of their 
eolor and partly because coloring materials can be effectively added to 
them, for since the range of natural colors that can be produced in burn- 
ing is limited, artificial coloring agents are sometimes used. Manganese 
is the one most employed. 

The clays must necessarily burn hard at a moderate temperature, 
and in the case of red-burning clays the temperature reached may range 


PuysicaAL PROPERTIES OF SOME New JERSEY Cuays USED ror Facer Brick * 


| 
Average 
Water Air- tensile Cone Fire Absorp- 
Formation | required, |shrinkage,| strength, Orne shrinkage,| tion, Color 
per cent | percent | lbs. per 6 per cent | per cent 
sq. In 
Cone | Raeeerey ae ee ) 
Raritan 32.00 50 65 | Cone 5 5.0 11.68 j Buff 
Cone 8 6.6 11.34 
Cone 1 2.8 8.09 
Cohansey | 23.17 7.5 282 | Cone 5 4.5 3.08 | Buff 
Cone 8 6.5 0.84 
Cohansey | 37.50 Dali 196 Cone 8 9.1 4.01 Buff 


*N. J. Geol. Surv., Fin. Rept., VI, p. 222, 1904. 


from the fusing-point of cone 06 to 2, while for buff-burning clays it is 
commonly necessary to go to cone 7 or 8 to get a steel-hard brick, unless 
caleareous materials are employed, and these are not burned above 
cone 3, or even cone 1. 

The figures given below give the range in different properties of a 
number of Ohio clays used for face-brick:' 


1Qhio Geol. Surv., 4th Ser., Bull. 26, 1923. 
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RANGE OF PuysicAL PROPERTIES OF Onto Facr-BRICK CLAYS 


Per cent 
Water Plasticittvwas steno et et ee oe 14. 85-23 .32 
Volumejain shrinkage pre ce eter eee ieee 7.60-17 .95 
Tinea sin shrinkage sree et tee eee ete 2.40- 5.66 
Volume Linear Pores 
Cone fire shrinkage, | fire shrinkage, ee 
per cent 
per cent per cent 
O10 .97-10.51 .032-3 . 64 18.16—-24.10 
OS 40— .46 a oye he, 22 . 54-23 .73 
03 3.27-19.88 1.10 -7.12 | 7.78-23.22 
2 493-24 . 56 1.67 -8.97 .41-20.94 
3 6.10— 8.49 2.08 —2.91 21 .04—23 .33 
5 7.13-17 .94 2.44 -6.38 6.86-17 .87 
7 11.48-15.99 4.16 —5.64 .06-8 .25 
9 11.91-14.02 4.14- 4.91 3.07— 4.00 
10 8.95-15.71 3.08 -5.54 | 1.538-— 5.40 


Cone of fusion, 17-30.5. 


Flashing.!'—Many bricks used for fronts are often darkened on the 
edges by special treatment in firing, caused chiefly by setting them 
so that the surfaces to be flashed are exposed to reducing conditions, 
either at the end of the firing or during the entire period of burning. 
This color is superficial and may range from a light gold to a rich, reddish 
brown. The principle of the operation depends on the formation of 
ferrous silicate and ferrous oxide and their subsequent partial oxidation 
to the red or ferric form. This oxidation probably takes place during 
cooling, for if the kiln be closed so as to shut off the supply of oxygen, 
the bricks are found to be a light grayish tint. 

The degree of flashing is affeeted (1) by the composition and physical 
condition of the clay, (2) the temperature of burning, (3) the degree of 
reduction, and (4) the rate of cooling and the amount of air then 
admitted to the kiln. 

1. The percentage of iron oxide should not be large enough to make 
the brick burn red, but to produce buff coloration, and the clay should 
have sufficient fluxes to reduce the point of vitrification to within reason- 
able limits, thus facilitating the flashing. Clays high in siliea are appar- 
ently better adapted to flashing than those low in silica and high in 
alumina. The condition in which the iron is present in the clay probably 


‘A. V. Bleininger, Notes on Flashing. Trans. Amer. Ceramic Soc., II. p. 74. 
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exerts some influence, that is, whether it is there as ferric oxide, ferrous 
silicate, concretionary iron, ferrous sulphide, or perhaps ferrous carbon- 
ate. Bleininger’s experiments showed that of three clays which were used 
for flashing, all contained considerable quantities of iron soluble in acid. 
Some Eastern manufacturers are obliged to add magnetite ores to their 
clays, which are low in combined iron, and No. 2 fire-clays, which contain 
more iron than the finer grades, seem to give the best results. As to 
the effect of the physical condition of the clay, finer grinding seems to 
give more uniform flashing effects, and the reason that stiff-mud bricks 
flash better than dry-press ones is claimed by some to be due to vitrifica- 
tion taking place more easily in the former. 

The following analysis gives the composition of a No. 2 fire-clay from 
Ohio used for flashed brick: 


ANALYSIS OF AN Onto No. 2 FirE-cLay 


SILICA (S51 Os) egera wate ee eens cao ccnenit moana 67.14 
AlMIMIM Ag CAL sg) ie eee. enn. 8 erp ee eee 19.74 
ernicioxiden(Hes©a)\i eee seem ek erres ene roe pane 2.46 
TeameniCa® peeeseatnee pe tier tat 55 thet saul y 0.53 
Magnesian (Ml pO) Ramen Sectual tah kee rere 0.71 
IPObaSH a (KS ©) eer rant iaaen ee tyes ete eee ee ae 2.80 
SocdancNias Oyiaer se eeewwer eae am ciate ot rcera sie 0.43 
Waters (His) Mewes atta. a wre Sein cn tine: OU 

ANC SN AE OY se te >. a. oe: oe Sana Be ae can eR Ss 100.82 


In one case the green clay showed a total of 2.15 per cent of ferric 
oxide, of which 0.88 per cent was soluble in acid. The flashed surface 
of a brick made from this clay gave, on analysis, a total of 2.31 per cent 
of ferric oxide, of which 0.14 per cent was soluble in nitro-hydrochloric 
acid, thus indicating that during the burning most of the iron oxide had 
combined with silica, forming a ferrous silicate. 

2. The temperature reached must be sufficient to cause a combina- 
tion of the iron and silica, and, therefore, it varies with different clays, 
the combination being aided by the presence of fluxes. 

If the kiln atmosphere is oxidizing during nearly the entire burning, 
with only a small period of reduction at the end, the temperature reached 
must be comparatively high in order to insure union of the iron and 
silica by fusion. If, however, a reducing fire is maintained during most 
of the burning, then the temperature need not be as high, because the 
clay will vitrify sooner. (See Fusibility, Chapter V.) 

At one factory it had formerly been the practice to burn with an 
oxidizing fire to a high temperature, namely, from cone 11-12, and then 
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to cause reducing conditions to take place in the kiln during the last 
five or six hours of the burn. This practice, however, was changed, 
it being found that by maintaining a reducing fire during the entire 
period following water smoking a lower temperature was sufficient. 

3. The oxidation which causes the flashing probably takes place in 
the first twelve hours after closing the kiln, and can be regulated by a 
proper handling of the dampers. 

In the experiments of Bleininger, already referred to, it was found 
that a reduction of air, equal to 20 per cent below that required for 
ideal oxidation and considered as 100, is usually sufficient to produce 
flashing. 

By this is meant that “‘ 100 per cent of air represents theoretically 
ideal conditions, in which just enough air is present to consume all the 
combustible gases forming COz; less than 100 per cent of air corresponds 
to reducing conditions. For instance, if an analysis on calculation 
represents 90 per cent of air, it tells us that the gases are reducing to the 
extent of 10 per cent of air; similarly, 110 per cent shows an excess of 
air to the amount of 10 per cent.” 

While 100 per cent represents theoretically the amount of air required 
for perfect combustion, still in actual practice with coal-fuel the mixture 
of gases is not perfect, and it may be necessary to have more than 100 
per cent of air present to bring about thorough oxidation. 

4, As regards the rate of cooling, it was found that the longer the 
period of cooling from the maximum temperature down to approximately 
700° C. the darker the flash under given conditions. 

Enameled brick.—The clays used for these are similar to those 
employed in the manufacture of buff pressed brick. The enamel is, of 
course, an artificial mixture, but must conform to the clay body to 
avoid cracking or scaling off of the coat. 


FIREPROOFING AND HoLiow-sBrick CLAyYs 


The clays used for making hollow bricks and fireproofing vary with 
the locality. At not a few yards where red bricks are manufactured 
the red-burning surface-clays of Pleistocene age are employed. In 
New Jersey, where many thousand tons are annually produced to supply 
the New York and other large Eastern markets, a mixture of red-burning 
sandy clay and a small amount of low-grade fire-clay are chosen, while 
in the States of the Eastern and Central coal-measure areas, as in Penn- 
sylvania, Ohio, Indiana, and Illinois, Carboniferous shales are widely 
used. 


It is therefore difficult to lay down any fixed set of requirements for 
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the raw materials of this class. This much can be said: They should 
have sufficient plasticity to flow smoothly through the peculiar shape 
of die used in making them; they should also possess fair tensile strength; 
burn to a good hard but not vitrified body at a comparatively low cone. 
Concretionary masses, if present, should be either removed or crushed. 

The following analyses show well the composition of clays or shales 
used for this kind of ware: 


ANALYSES OF CLAys Usep ror Hottow Brick AND FIREPROOFING 


I II III 
Subican((SMOM Snes voocc alee 5222) | Sa |) SL Os 
Alumina eAls@:)eeeeaaaeeeie conto niece (Om ls 234 
Ferric oxide (Fe.O3)....... PATS \\ DA OX8 7.56 
Ferrous oxide (FeO)......./....... A Aide eee 
Ibiinwer COM OME 5 aaah Gare .88 soy 4.14 
Magnesia (MgO).......... 2 | ible 3,36 
Tethinelon (ERONG cc anonnc ease AMO FAs 1.43 
Sodan (Na.O)ot Boe ware 75.| « .338 2.69 
Titannim oxide (10>) 4. oi. ae oe Oe enerere ee 
Wena (EGO) Soccn008 cena 6.78 7.39 
IMIGTSY AUER, sn Ginette chert ee f pet) { Aaa! .42 
(Chynoorn: Chiomale (OOm) seo. callacotene 39 eee ae 
Swulhalabie sulonal((KON)S = ou cllaoomcodlencaoue 2.76 


I. National Fireproofing Co., Keasbey, N. J. N. J. Geol. Surv., Final Report, VI, p. 282, 1904. 
II. Underclay beneath Coal II, Cannelton, Ind. Ind. Dept. Geol. and Nat. Res., 29th Ann. 


Rept., p. 338, 1904. 
III. Representative shale-clay from Iowa. Ia. Geol. Sury., XIV, p. 232, 1904. 


The physical tests of fireproofing clays shown on p. 358 are given 
in the New Jersey Geological Survey report.1 

The tabulation is not without interest, and shows a considerable 
variation in certain directions. The air-shrinkage shows little variation, 
but the tensile strength shows a great range. Of these different samples, 
Nos. 1, 2, and 6 are practically from the same bed. No. 5 is from the 
base of the Raritan series, and is one of the most dense-burning clays to 
be found in that section or even New Jersey. Most of these clays have 
to be burned to cone 01 before becoming steel-hard, the one exception 
being No. 5, which burns very hard at cone 05. They all burn red. 


The pyrite and limonite nodules are abundant in some of the layers, and 
in burning often fuse, swell, and spall off pieces of the ware. 


1Ta. Geol. Surv., XIV, p. 229, 1904. 
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ROoFING-TILE Crays ! 


The clays required for roofing tile should possess good plasticity and 
strength when dry, and because of the flat shape of the product it is 
essential that the material should show freedom from warping and 
cracking in the drying and burning. Ease of oxidation, wide vitrifica- 
tion range, and proper color after firing are also important. The clays 
or shales employed are commonly red burning, but other types have 
been used. If the tile is unglazed it should be fired to a hard, dense 
body, but if a glaze is applied, vitrification is not as complete. 


SLIP-CLAYS 


A slip-clay is one containing such a high percentage of fluxing impuri- 
ties, and of such texture that at a low cone it melts to a greenish or brown 
glass, thus forming a natural glaze. It must be fine grained, free from 
lumps or concretions, show a low air-shrinkage, and mature in burning 
at as little above cone 5 as possible. 

While easily fusible clays are not uncommon, all do not melt to a good 
glaze. 

“A good slip-clay makes a glaze which is free from defects common 
to artificial glazes. It will fit a wide range of clays, and since it is a 
natural clay it will undergo the same changes in burning as the body 
on which it is placed. Artificial mixtures of exactly similar composition 
to the natural clays have failed to give the excellent results as to gloss 
or color that are attained by the natural clay.” ? 

While several fair slip-clays have been found in different parts of the 
country, none have given thorough satisfaction except the Albany, 
N. Y., material, which is shipped to all parts of the United States for 
potters’ use. 

In applying the glaze to the ware the clay is mixed with water to a 
creamy consistency and applied to the ware either by dipping or spray- 
ing. Attempts have sometimes been made to lower the fusing-point of 
the slip by the addition of fluxing oxides. 

The following are analyses of slip-clays: 


1¥For a detailed report on roofing tile manufacture see Worcester, Ohio Geol. 
Surv., 4th Ser., Bull. 11, 1910. 
2N. J. Geol. Surv., Fin. Rept., VI, p. 280, 1904. 


360 KIND OF CLAYS 
ANALYSES OF SLIP-CLAYS 
I ii Il IV Vv 

Mikte(SO) anc ocommas eae conob et acon 55.60 | 43.94 | 63.63 | 38.08 | 57.01 
Niereaninss CUNIGOR) bc ooo sancdencodonoesn- 14 SOs Mel Zanes see ee soa me Lees 
IBterauts Gralla (EKO) so cscccnanennccce- 5.80 Bred | land 2.60 3.02 
iBnantem COLO) inne o madera oom SOR eeOA-c 5.70 | 11.64 PEAS || PTY, 9.56 
Mingmesie, (MEO)... cco cecnceaeoucccbor 2.48 Ab Ay 1.47 tr. 1.20 
Potash Chis O)arerteen a ctcnwate ts crate eter 3.23 2.90 2.63 .58 75 
erore CEN UNETAO) tonm dan Ste tare Soc Comodo oe Oz Tal .88 1.60 2201 
Manganese oxide (MnO).............- SALA os Siciiseds | aroyewayseci| aa Ga ore es) ee 
‘Ahiemaniobiniconers MOM Ae SAconconodey clonaaead|scocdo|opock ox 70 pleats: 
Phosphorus pentoxide (P20;).......... STB: [sce ells orcas te oe eee een eee 
Weethete, Els©)) cn sis teat erence caren ae 5.18 3.90 4.7 3.06 4.00 
Carbon dioxide (COs) and moisture.....} 4.94 | 15.66 2.90 | 18.80 8.00 

Lota: ee eee aaa ee os ce ene ee 99.09 | 97.90 |100.15 |100.48 | 98.53 


I. Albany, N. Y. Ohio Geol. Surv., VII, p. 105, 1893. 
II. Rowley, Mich. Ibid., p. 105. 
III. Brimfield, O. Ibid., p. 105. 
IV. Leon Creek near San Antonio, Tex. O. H. Palm, analyst. 


VY. Alazan Creek near San Antonio, Tex. O.H. Palm, analyst. 


The use of slip-clays for glazing stoneware is decreasing each year, 
because an artificial white glaze is now usually preferred. 

Gumbo-clay.—Under this name there are included certain fine- 
grained, highly plastic, tenacious clays of surface character, which are 
found at many points in the Western Central States. Their high shrink- 
age and dense character prohibits their use for brickmaking, but they are 
found excellently adapted to the manufacture of railroad ballast. 

Wheeler, in describing the Missouri occurrences,! states that they 
do not differ chemically from common brick, paving brick, sewer-pipe 
or other burnt clays, and “ their peculiar value for burnt ballast is 
entirely a physical one.” He gives the following variation in composi- 


tion: 

SINGS OM eaG eho rss.canondodau sss aGbanaeaawe 55 
alumina CAT ©:) eer 15 
Hemicroxid ey (kes ©) ieee 5 
Lime: (Cai): oeeiciin beccch one ae eee 1 
Maenesia, (Via ©) ices ere en nee 

Alkalies (NasO;KaQ)ieren nore ee 2 
Winters) pcre ee eee een 6 
Fluxes is. us PRR eee re 10 


*Mo. Geol. Surv. XI, p 543, 1897. 


~65 
ny 
-7 
-3 

e2 

5-4 
-10 
-15 
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Their physical properties range as below: 


Wisiterired (ited a smasieny@aneaiesctacssiecs eletend« 22-25 per cent 
Average tensile strength.................. 270-410 Ibs. per sq. in. 
JN abe See ce oaks, Sela ees Gee eae 8-10 per cent 
iretshrinikac eaeeee wry reer eerste aoe 1-6 per cent 
Imcipientayiinincatlone ee ee eee 1600°-1700° F. 
Completetvitrification. s..-ee4ese- ase ce 1750°-1850° F. 
VARCOO Roe cane og Bada oe DSA Noe 1900°-2000° F. 


Retort-clay.—A dense-burning, plastic, semi-refractory clay used 
chiefly in the manufacture of gas-retorts and zinc-retorts. In New 
Jersey the term is often applied to stoneware-clays. 

Ware-clay.—A term sometimes used for ball-clays, especially in the 
Woodbridge, N. J., district. 

Pipe-clay.—This is a term applied to almost any fine-grained plastic 
clay. Strictly speaking, it would refer to a clay used for making sewer- 
pipe. 

Wad-clay.—This is a low grade of fire-clay, which is used for grouting 
the joints between the saggers when they are set up in bungs in the 
kilns. 

Portland-cement clay.—The use of clay or shale for Portland cement 
is the most important of what may be termed the minor uses of clay. 
Portland cement is essentially an artificial mixture of lime, silica, and 
alumina. The first of these is usually supplied by some form of cal- 
careous material, such as limestone, marl, or chalk, while the other 
two are obtained by the selection of clay or shale, the mixture con- 
sisting approximately of 75 per cent lime carbonate and 25 per cent 
clay or shale. 

Clays or shales to be used for Portland-cement manufacture should 
be as free as possible from coarse particles or lumps of sand, gravel, or 
concretions. These conditions are best met by the transported clays, 
since residual clays are frequently sandy or stony, and many glacial 
clays notably so. An examination of the analyses of clays used at 
different works in this country shows that the silica percentage ranges 
from 50 to 70 per cent; when calcareous clays are used it may fall below 
90 per cent. 

The analyses shown on p. 362 give the composition of clays employed 
at a number of different localities. 

It is not to be understood from what has been said above that the 
clays whose analyses are given can be used only for Portland-cement 
manufacture; indeed nearly all of them could be utilized for some kind 


of clay product. 
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ANALYSES OF PORTLAND-CEMENT CLAYS 

I II Il IV AWE VI 
Silos, (SiOy) o soeccoraues ies - 0) 63.73 74.29 64.85 Ty Af 40.56 
Alumina (Al,O3).........| 238.29 22,12 12.06 17.98 10.20 8.52 
Ferric oxide (e203)... .. 9.52 9.01 4.92 5.92 3.40 2.84 
Ibn (CHO). occa se cba: 36 2.83 ral 2024 9.12 | 20.94 
Magnesia (MgO)........ LAO he eae ce .68 1.40 Dige 132) 
owing, GKAQ). oc ccacndes 1.36 || 21 {FTO Res Seee ayes cetera | 4.97 
Soda (NaxO)icean ees PH See a he ee oh 2 | J 
Soller warepsiels (SOR). cols so sce sale ceesnc cisco oovcell: cents ee ede ee eee 
Crandon chorale (OOb) s,s cl]ec cn eaccllesos-4e-|sasc0--- | 49g iirc: 17.90 
SCT I aOSE ON ter Malye i MUM cece cee ae 20 f Bie Oe 5.95 

VII VIII IX x oe 
Swhieesy GSHOm) oo ona sa sce oe 57.98 61.09 D400 61.92 Donat 
Nikonians, GCNGOR)scossssc-| WS.20 19.19 19.33 16.58 } 28.15 
Ferric oxide (Fe.O3)..... AG 6.78 Bead 7.84 
bnaea (CHO) 545000800008 7 molt 329 2201 5.84 
Magnesia (MgO)........ 1.83 .65 Oi 1.58 225 
(Potash CK ©) paren were aera were she URS aes ss meg \ 3 64 
SodatG@Nias ©) eee as ere aeneeenenn 136 1 Mops 
Sulphur trioxide (SOs)... 1.28 1.42 2c Om a mmGLe 12 
Carbon dioxide (CO)... .| ) : 

12.08 Saale 

Water (H,0)..cn-. 4 <-/! DY WN ious uel On oe ad 


I. Little Rock, Ark. Amer. Inst. Min. Eng., Trans., X XVII, 62. 


. Santa Cruz, Cal. 
. Bedford, Ind. 


. Syracuse, Ind. 
. Bristol, Ind. 

. Yankton, 8. Dak. 
. Alpena, Mich. 
. La Salle, Tl. 

. Catskill, N. Y. 
. Glens Falls, N. Y. 


Min. Indus., I. p. 52. 
Ind. Dept. Geol. and Nat. Res., 25th Ann. Rept., p. 328. 
. Millbury, O. Mich. Geol. Surv., VIII, Pt. III, p. 229. 

Ind. Dept. Geol. and Nat. Res., 25th Ann. Rept., p. 28. 
U.S. Geol. Surv., 21st Ann. Rept., Pt. 6 (ctd.), p. 400. 
Min. Indus., VI, p. 97. 

Mich. Geol. Surv., VIII, Pt. III, p. 227. 

U.S. Geol. Surv., 20th Ann, Rept., Pt. 6 (ctd.), p. 544. 

Supplied by company. 
Min. Indus., VI, p. 97. 


Cuiays Usep in UnsurNEp ConpITION 


Polishing and abrasive materials.—Many clays exert a combined 
polishing and abrasive action, on account of the very finely divided 


grains of sand which they contain. 


The well-known Bath brick which 
has such an extensive domestic use for scouring steel utensils is simply a 


fine-grained siliceous clay, which is deposited during high tide along 
the banks of the Parrot River in England. 
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Some clay is used for bonding purposes in the manufacture of 
abrasive wheels. These are burned before use, so that the clay vitri- 
fies and holds the abrasive grains together. 


FILLter Cuays ! 


Under this head are included those clays which are used chiefly as 
a filler in the manufacture of such materials as paper, paint, rubber, etc. 
They are chiefly white clays of sedimentary or residual character, 
although some off-color ones are employed, and they commonly require 
refinement by washing or some other method before shipment to market. 

There are no universely accepted standard requirements or tests, 
although the different manufacturers have certain ones which they 
may apply. 

Paper clays.—Clays may be used for coating or filling paper. Most 
of the coating clays now used are imported, but domestic ones are exten- 
sively employed as a filler. 

The important physical properties are freedom from grit, color and 
retention. 

The clay must be free from grit, as this cuts the wires of the screens 
and scratches the surface of the calendar rolls. The use of a screen test 
is suggested using a 325-mesh screen, on which good clays leave 1 per 
cent or less residue. 

Color is very important for high-grade papers, which call for a white 
clay. A rough comparison of color can be made by placing several sam- 
ples side by side, but this cannot be expressed numerically. A Pfund 
colorimeter was used by Weigel, which permitted comparisons expressed 
numerically. For inferior papers color may be of less importance. 

Retention refers to the quantity of clay retained by the fibers of the 
paper and varies with different clays. 

Rubber clay.—Clay is used in some quantity in rubber manufacture. 
The only reliable way to determine its value appears to consist of 
actually compounding this with the other ingredients used in rubber, 
and then subjecting the compound to standard physical tests. 

In the tests listed by Weigel these mixtures were cured at 300° F., 
for 20, 30, 40, 60 and 90 minutes. After aging twenty-four hours, the 
test-pieces were broken in a Scott testing-machine, and their tensile 
strength in pounds per square inch given. The hardness was deter- 


1 The writer has drawn freely on a report by W. M. Weigel, U.S. Bur. Mines, Tech. 
Pap. 343, 1925. See also: Gwynne, C. 8., Trans. Amer. Ceram. Soc., XIV, p. 571, 
1912; Roe, R. B., Jour. Amer. Ceram. Soc., II, p. 69, 1919; Shaw, M. B., and Bick- 
ing, G. W., U.S. Bur. Stand., Tech. Pap. 262, 1924. 
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mined by a Shore durometer, and the ultimate elongation also meas- 
ured. 

Oilcloth— The testing methods for determining the value of clay 
in oileloth manufacture are not standardized. In general Weigel says 
a clay for oilcloth should be white, free from grit, should slake readily 
to a smooth cream or slip without lumps, and have a comparatively 
low oil absorption. It is claimed by some that English clays take less 
oil than American ones. 

Paint.—Manufactures of paint demand in general a white gritless 
plastic clay, which is used to mix with the colors. In general the material 
is similar to that demanded by the paper makers, although the require- 
ments as to minute differences in shades of color and grit would seem 
not to be quite as severe, although one manufacturer stated the clay 
should pass a 300-mesh sieve. Irregularity in product, as in other 
uses, is seriously objected to.1 

Certain ferruginous clays and also shales, when ground and mixed 
with oil, make a good grade of mineral paint. Their color in most 
cases is due to some form of iron oxide, or more rarely manganese. 
Ocher is often nothing more than a fine-grained furruginous clay colored 
by limonite, and the same may be true of sienna. 

Mineral paints made from clays and shales form a cheap and satisfac- 
tory form of pigment for application to wooden surfaces. The value 
of the material depends to a large extent on the shade of color, its texture, 
and the amount of oil that has to be mixed with it in order to get the 
proper degree of fluidity. 

Ultramarine manufacture.— Washed kaolin or even very fine-grained 
white sedimentary clays are used in the manufacture of ultramarine to 
serve as a nucleus for gathering the coloring material. For this work 
the clay should be as low in iron or lime as possible, and an excess of 
silica is undesirable.? 

Miscellaneous uses of filler clays.—Coating wall paper, in plaster 
and plaster products, filling for textiles and window shades, kalsomine, 
crayons, toilet and tooth powders, soaps, soft polishing compounds, 
phonograph records, and matches, include various minor uses of filler 
clays. In all of these whiteness and freedom from grit are the qualities 
most desired. 

*See also: Gardner, H. A., Paint technology and tests, N. Y., 1911; Ingalls, 
F. P., Uses of silica and other mineral fillers in paint, Rock Products, Feb. 26, 1921, 


to May 7, 1921; Chem. Age (London), China Clay in paints, China Clay Rey. Sec., 
July 21, 1928, p. 11. 


>See also Sauvegeot, Rey. prod. chim., Apr., 1921, and Tonind.-Zeit., XLV, 


p. 494, 1921; Dominikiewicz, M., Roozniki Chem., V, p. 308, 1925, and Chem. Abs. 
XX, 1578. : 
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Sources of supply—While English clay has been extensively used 
as a filler in both the United States and Canada, the white sedimentary 
clays of South Carolina and Georgia are being used more and more for 
this purpose. 

Consumption.— Weigel gives the following figures to show the amount 
of domestic clays sold for filler in one year: 


Use Short tons 

Raper tiller mre tenses eae eee caer 102,732 
iPaper coating vera, mace a en se 9,031 
DRPLO ON Fs eas lala bon ca tena 15,279 
Oilcloth and linoleum............ 8,165 
Paint filler or extender........... 13,328 
JEENnaNE JOANN Gig ago nao Ooee ¢ 259 
Plaster and plaster products...... 5,582 
KXtailsomn ern rarest eect are, 2,386 
Cravouse mega eee eee 1,009 

ISS 1) 

BENTONITE 


Definition.—This is a widely distributed and peculiar type of clay 
which is considered to be the result of devitrification and chemical 
alteration of the glassy particles of volcanic ash or tuff. 

The material was originally called Taylorite after William Taylor of 
Rock Creek, Wyoming, who first called attention to it, but as this name 
had already been allotted to another mineral the name of Bentonite was 
used, because of its occurrence in the Fort Benton series of rocks. 

Microscopic characters.—The study of thin sections shows that 
bentonite is derived from volcanic ash,! and that its characteristic 
mineral, montmorillonite, is definitely crystalline. Many sections show 
the ash structure, while glass fragments of various and characteristic 
shapes are present. 

According to Ross and Shannon (Ref. 7) it “ often contains variable 
proportions of accessory crystal grains that were originally phenocrysts 
in the volcanic glass. These are feldspar (commonly, orthoclase and 
(oligoclase), biotite, quartz, pyroxenes, zircon, and various other 
minerals typical of volcanic rocks.” 


1 Hewett, D. F., Jour. Wash. Acad. Sci., VII, p. 196, 1917; Wherry, E. T., bid., 
VII, p. 576, 1917. 
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“The characteristic clay-like mineral has a micaceous habit and 
easy cleavage, high birefringence and a texture inherited from voleanic 
tuff or ash, and it is usually the mineral montmorillonite, but less often 
beidellite.”’ 

Single glass fragments may be made up of a series of parallel plates. 
These plates usually stand perpendicular to the original surface of the 
elass fragment, but at times they may have developed parallel to the 
sides of the glass. The high birefringence shows only when the mica- 
ceous plates stand perpendicular to the thin section and plates that lie 
nearly parallel are black or dark gray (Ref. 7, p. 83). 

Bentonite does not contain an abundance of amorphous gel mate- 
rial, but it does carry a large amount of finely divided crystalline 
substance, and in this sense is colloidal. Its high adsorptive powers are 
due to its physical structure. 

It is suggested that the name bentonite be restricted to material 
derived from volcanic ash. As also pointed out by Ross and Shannon, 
bentonite may contain foreign detrital material from different sources 
in addition to the igneous rock phenocrysts, while varying amounts of 
admixed sands may be present. 

The appearance of bentonite varies greatly. Pale buff, cream or 
dull cream are probably common colors, but gray, dull blue, greens, 
pinks, red and yellow are also seen. 

The texture is often compact, with a conchoidal fracture, but other 
specimens are open and porous. 

Small grains of calcium or iron carbonate may be present, and man- 
ganese oxide spots, gypsum and barite crystals have been noted in others. 

Origin.—It is not always possible to state definitely what the origi- 
nal composition of the bentonite was (Ref. 7). Feldspar (usually 
orthoclase) is the predominant phenocryst, but biotite is not rare. The 
phenocrysts are usually those characteristic of quartz-free trachytes, 
latites, quartz latites, and possibly quartz poor rhyolites, but rarely 
quartz-rich rhyolites. An arkosic bentonite has been derived from 
nephelite-bearing rocks, while an iron-rich one is derived from olivine 
basalt. The suggestion has been made that glasses very high in silica 
are rather stable and consequently do not alter readily to bentonite. 
Those with an intermediate silica content approaching a feldspar glass 
in composition alter to montmorillonite with a 1 : 5 alumina-silica ratio, 
and those low in silica to beidellite with a 1 : 3 ratio. 

The conditions favoring the alteration of glass to bentonite are not 
well known. We cannot definitely ascribe it to the action of salt water 
because all bentonites are not found in marine sediments, unless we 
assume that the ash may have fallen into saline lakes. The alteration 


BENTONITE 367 


process involves hydration, devitrification, and leaching of alkalies as 
well as other bases. The wide distribution of bentonite also suggests 
that the alteration is not due to any special condition. 

Some have suggested that volcanic gases played a role in at least 
starting the alteration. 

The fact that some bentonites contain much non-voleanic detrital 
material also suggests that the ash may have been deposited on land, 
and later carried by erosion into bodies of water. 

The clay mineral montmorillonite is the chief one in most bentonites, 
but in a few beidellite is the dominant one. Both of these minerals 
have been found in other types of deposits. 

Ross and Shannon state: ‘‘ These minerals have different chemical 
compositions but resemble each other in being obviously crystalline and 
often rather coarsely crystalline, in possessing a platy, or micaceous 
habit and easy cleavage, and rather high birefringence. They resemble 
the micas in many ways and may sometimes be mistaken for them, and 
they differ in many ways from kaolinite and halloysite. Beidellite 
and the micaceous mineral corresponding to halloysite have somewhat 
higher indices of refraction and higher birefringence than montmorillon- 
ite, but all are characterized by a high water content. Beidellite and 
montmorillonite have heretofore been grouped with leverrierite and the 
other mineral has not been differentiated from halloysite.”’ 

Physical properties——The physical properties of bentonites vary. 
The majority swell slightly and crumble in water, but develop no plas- 
ticity. Some show strong swelling,' develop plasticity, and contain a 
large amount of material that remains in permanent suspension. The 
difference is assigned in part to variations in structure, and in part to 
natural salts that act as flocculating and deflocculating agents. The 
swelling is thought to be due to films of water forming between the 
plate-like grains. 

Colloids.—Wherry 2 has suggested the term ‘one dimensional ” 
colloid for the very thin micaceous plates of dispersed bentonite. These 
he states ‘ exhibit optical and physical properties which indicate that 
their grains are of visible dimensions in two-space directions but sub- 
microscopic and colloidal in the third, perpendicular to the mica-like 
plates.’ This gives the material great surface area and high adsorptive 
powers. 

In the case of some bentonites which at first yield only sight suspen- 
sions, prolonged agitation may greatly increase the amount of dispersed 
material, which Spence (Ref. 10) thinks is due to increased hydration. 


1 Spence mentions one that swelled 13.8 times in volume (Ref. 10). 
2 Jour. Mineral. Soc. Amer., X, p. 65, 1925. 
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Chemical composition.—The analyses on pp. 368 and 369 represent 
crude material: 


ANALYSES OF CruUDE BENTONITE FROM UNITED STATES 


I II III IV Vv VI 
SiOgata es 51.10 | 50.30 | 49.56 | 51.56 | 50.33 | 54.00 
TiOg ee A eee eee 40 7S age 
Al,Oz... .|-25.40 | 15:96 | 15.08 | 13.42 | 16.42 | 24248 
FeO. . 4.50 86:| 3.441 3.20 1 22495) 2 on 
MnO ee. |: Senne ee eons OL We Sees ee a eee 
C20 ee B20 | tose 1.08. aeoees tes 08 
Mgo..... 3.80] 6.538 | 7.84] 4.94] 4.10] 2.75 
kOe eee 1 Pea Pierce n ert aie: 35 1a VAG ad ee ae 
Na.O. 1 ee Od cee 24 ip As es 
ROP ens ANN ME an ee Mic lyre ies 
HO 17.10 | 23.61 | 22.96 | 23.46 | 23.95 | 9.12 
Total. .| 98.60 |100.14 |100.37 |100.04 | 99.73 | 97.88 


I. Selected crude, Ardmore, S. Dak., E. T. Wherry, analyst. 
II. Bentonite (otaylite) crude selected white material, near Otay, San Diego Co., Calif., J. E. 
Whitfield, analyst. 
III. Otaylite, crude selected pink, near Otay, San Diego Co., Calif., E. V. Shannon, analyst. 
IV. Pink friable matrix of bentonite tuff. Three miles north of the east end of Tierra Amarilla 
grant, New Mex. Purified. 
V. Selected crude bentonite, Maricopa, Kern Co., Calif., E. V. Shannon, analyst. 
VI. Supposed bentonite, near Shelbyville, Tenn. 


Nos. I to IV from Ross and Shannon, Ref. 7. 


Spence states that alkaline salts, notably sodium sulphate, are often 
found near bentonite deposits, and that a scum of such salts is often 
noticed around the out-crops. Gypsum is likewise conspicuous around 
some. ‘The clay, too, usually contains appreciable amounts of NazQ. 
The latter is strongly adsorbed in the clay. The most highly colloidal 
bentonites are found on analysis to contain the highest percentage of 
soda. 

Effect of electrolytes.—Spence suggested that the electrolytes which 
might be present in bentonite are sodium sulphate, alum or even weak 
sulphuric acid, products of mineral decomposition. 

He gives the results of a number of tests to determine the flocculating 
effect of various reagents upon bentonite-water suspensions. These 
tests show that, as is known, that the valence of the metal ion is a meas- 
ure of the flocculating power of the electrolytes, those of higher valence 
being most active. It appears that the hydrogen ion is a flocculator, 
while the hydroxyl ion is a deflocculator. 
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I II Il IV V 

ILO): cat ornate 69.70 | 68.60 | 54.88 | 59.80 | 60.78 
SATS O acetate heute ors 14.00 | 12.10 | 19.92 | 16.36 | 17.08 
He: O game setae ae 2.88 | 2.00; 4.10.) 2.23 3.67 
HeOR Cantante 0.75} || O38!) |) O27) || B52 0.48 
GAO ts ote ade 1.56 1.84 | 2.22 1.82 2.84 
MgO. ssall til 1.84 | 2.83 | 2.67 2.16 
Oar ere ee (2 |) “Oa Oma | sO 0.22 
Po Open icactsc Se: 0.01 Oke | 0.08 tr. 0.03 
IN a5 Os eters shoo 1.09 | 0.50 In | AO) 1.54 
IAG ea GRAS OnE: OF297 05237 0226) 9 0227 0.46 
See aie eee 0.02 | 0.00} 0.00 |} 0.00 0.04 
labs Oats oe oe OZ00F ORO IS O21GR Se OF00 0.01 
CLO aac tree OO: | Orie |) O37 | One i iit 
Csescagareccdcos| ObO91) O.03 7) OsCr |, Wsto 0.13 
TE? (Ge oa OZ a lied 8.10 | 5.18 5.94 
H.O+105° C....) 4.28 | 3.24) 4.28 | 4.91 3.70 

ARG ENN oiaig 05 Gee 100.15 | 99.55 | 99.50 | 99.62 |100.14 


7. Rosedale, Alberta. 
7. Camrose, Alberta. 


. Quilchena, near Merritt, Brit. Col. 
. Princeton, Brit. Col. 
. Rosedale, Alberta. 


Surface outcrop. 
From coal mine. 


Nos. I to V from Spence, Ref. 10. 


Physical tests.—The following physical properties of certain benton- 
ites are given by Spence: 


I It Il IV 
@uilchena, B.C. ...-..- 53 2.44 1430° C 1.547 
@amrose, Altace... = + 4-| 4.15 PAY ot elec sere eckGuahlh maces care 
Rosedale, Altas......-.. 4.71 2.72 1410° C. 1.568 
Newcastle, Wyo........ 4.93 2.77 1350° C. 15557 
Medicine Bow, Wyo....; 4.95 2.78 IOP || adecbood 


I. Water in grams absorbed by 1 gm. bentonite. 
ie iruelsp: <n. 
III. Fusion point. 
IV. Refractive index. 


Settling tests.—Ten grams of crude bentonite were placed in 350 ¢.c. 
water and agitated for three hours. 


It was then screened through a 
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200-mesh screen, the oversize washed with 150 c.c. water, dried and 


weighed. 
The mixture passing screen was allowed to stand twenty-four hours 
and then decanted. The settled clay was also dried and weighed. 


SerrLinc Tests oF BENTONITE 


if II Ill 
Quilchena, B. C...... 2.18% 76.72% | 21.10% 
Rosedale, Alta....... ih ois! 10.10 88.32 
Camrose, Alta......- 3.16 13.14 83.70 
Newcastle, Wyo...... 0.95 29.75 69.30 
Medicine Bow, Wyo. . yal 11.59 87.20 


I. 200-mesh. 
II. Settled clay. 
III. Dispersed clay. 


Effect of heating.—Spence states that heating produces a marked 
decline in the colloidal and distention properties of bentonite. Moisture 
determinations were made on several bentonite samples after heating 
to temperatures given below, but at even the highest temperature some 
water of combination still remained although the colloidal behavior was 
destroyed. 


Errect oF HEATING ON BENTONITES 


| 
Moisture Water content after heating to 
content 
of air 

dry clay, | 4507 C3 | 5007 Cs 5502 CariG00> Cue 700s Ge 

Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
Quilchena, B.C...| 4.64 4.04* 3 QA Oe Gee ena ee 2.08 1.50 
Camrose, Alta... . Oe CO ecto patel Ufisie |Ien How 8 Aas, ee 2.09 1.14 
Rosedale; sAltazem sled eoee \leeqeusc iter Semen eee Ae AT Gi Se eel acl eee eae 
Neweastle, Wyo...| 3.67 |......... 3240 re eee Sie Ona 


* Swelling property completely destroyed. 


Dilution of bentonite-water suspension.—The effect of the degree of 
dilution, and time, on a bentonite-water suspension was tried by taking 
four 10-gram samples of Rosedale bentonite and completely disintegrat- 
ing by agitation in 350 c¢.c. water. These solutions were made up to 
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500, 1000, 1500 and 2000 ¢.c., respectively, and the amount still in sus- 
pension determined after 1, 4, 6, and 10 days as below: 


Clay in suspension after 


1 day, 4 days, | 6 days, | 10 days, 
Per cent | Per cent | Per cent | Per cent 


500 ce. dilution....| 88.46 87225 87.25 60.72 
1000 ce. dilution....| 86.52 74.05 63.40 56.70 
1500 ce. dilution....| 85.41 (OL 2s 58.30 48.50 
2000 ce. dilution....| 83.26 60.11 55.00 42.60 


With still greater dilution up to 5 litres and four months’ standing 
it was found that the suspended material decreased with increased 
dilution. 

These figures indicate that time and degree of dilution have an 
important influence, and that in conducting comparative dispersion 
tests a constant time factor and degree of dilution should be employed 
to get comparable results. The effect of temperature was not deter- 
mined. 

Occurrence.—Bentonite always occurs in bedded deposits ranging 
from a few inches to as much as 10 feet in thickness. 

It is found interstratified with sands, clays or shales, and in some of the 
sections published from Western Canada, it is seen to immediately over- 
lie or underlie beds of lignite at certain localities. One section in the 
Cretaceous deposits near St. Victor, Saskatchewan, shows a deposit of 
gray volcanic ash with layers of ironstone nodules grading upward into 
bentonite. 

The outcrops of bentonite show a rather characteristic weathered 
surface, with a crinkled, coral-like appearance, caused by alternate 
swelling and shrinking due to repeated wetting and drying. 

Distribution of Bentonite.—Bentonite is a most widely distributed 
material having been reported from every State west of the Missouri 
River, as well as from Kansas, Oklahoma, Texas, Louisiana, Arkansas, 
Tennessee, Alabama, Virginia, Kentucky, Pennsylvania, Minnesota, 
Wisconsin, etc. In Canada bentonite deposits have been noted in Man- 
itoba, Saskatchewan, Alberta and British Columbia. It has also been 
found in Alaska and foreign countries. 

Its known geological range is from the Ordovician to Tertiary. 

Uses.—Bentonite may be found to be useful for a number of pur- 
poses, but the demand for it at present is limited. 
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One possible trouble may be the difficulty of cleaning the material 
in order to rid it of sand, gypsum and carbonaceous matter. 

Among the possible uses listed by Spence are: As an adsorbent; 
as a retarding agent in gypsum plasters; as a suspending agent in pot- 
tery glazes; for dewatering petroleum, gasolene and different oils; in 
the dye industry as a mordant and as a base for lake colors; as an 
accelerator and stabilizer in emulsions made up of water and various 
oils, fats and resins; for fertilizer filler; in foundry work as a bond for 
sand; as a sticking or spreading agent in insecticidal sprays and dusts; 
as a filler in paints; as a substitute for clay in pencils and crayons; for 
pharmaceutical uses and in cosmetics; in soaps; and as a water-softening 
agent. 
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FuLuers’ Harta 
PROPERTIES 


Fullers’ earth is a peculiar type of clay which has a high absorbent 
power for many substances, on which account it 1s used for decolorizing 
oils and other liquids. The statement usually seen in print that it lacks 
plasticity and falls to pieces in water is misleading and of no value. 
When dried, fullers’ earth often adheres strongly to the tongue, but so 
do some ordinary clays which have no clarifying powers. ‘The color is 
also variable. Its specific gravity ranges from 1.75—2.5. 

A chemical analysis is of little use in Judging the practical value of 
of the earth, and a practical test is necessary in order to determine its 
worth. An incorrect statement often seen in print is that fullers’ earths 
contain a high magnesia-content. 


374 KINDS OF CLAYS 


Dana ! defines fullers’ earth as including many kinds of ‘“ unctuous 
clays, gray to dark green in color, and being in part kaolin and in part 
smectite.” It is placed by him with several clay-like minerals (all of 
them hydrous silicates), namely, smectite and malthacite, of not very 
definite chemical composition, but all having a high percentage of com- 
bined water. 

Smectite proper is defined as a ‘‘mountain-green, oil-green, or gray- 
green clay, from Cilly in Lower Styria.” 

Malthacite is defined as occurring in thin lamin or scales, and some- 
times massive, with the color white or yellowish. The original occur- 
rence is the result of disintegration in a basalt at Steind6rfel, in Lausitz. 
Beraum, Czechoslovakia, is another locality. It is not quite clear on 
what evidence Dana proves fullers’ earth to be a mixture of ‘ kaolin ” 
(he probably meant kaolinite) and smectite, for the chemical analysis 
alone would not warrant this statement, and petrographic examina- 
tions (see below) thus far published afford little aid in this matter. 

Indeed none of the published analyses of fullers’ earth show a 
composition at all similar to either smectic or malthacite, and what 
their mineral composition is has not been proven. 

Merrill ? states that ‘“‘ the English earth, when examined under the 
microscope, consists of extremely irregular colored particles of a sili- 
ceous mineral which in its least altered state is colorless, but which in 
nearly every case has undergone a chloritic or talcose alteration, whereby 
the particles are converted into a faintly yellowish-green product. The 
grains are of all sizes up to 0.07 mm., but the larger portion of the mate- 
rial is made up of particles fairly uniform in size and about the dimen- 
sions mentioned. In addition to these are minute colorless fragments 
down to sizes 0.01 mm. and even smaller. The minute size of these 
colorless particles renders a determination of their mineral nature prac- 
tically impossible, but the outline of the cleavage flakes is suggestive 
of a soda-lime feldspar.” 

“The Gadsden County, Fla., earth under the microscope shows the 
same greenish, faintly doubly refracting particles as does the English, 
intermixed with numerous angular particles of quartz.” 

Just what the mineralogical composition of fullers’ earth is has not 
been definitely proven, but J. T. Porter (Ref. 11) has argued that since 
different writers have mentioned gabbro, diorite, diabase and basalt as 
rocks from which fullers’ earth is derived, it is but natural to suppose 
that minerals common in these rocks—such as augite, hornblende, 
olivine, magnetite, ete—may be present in the earth. Reasoning 

* System of Mineralogy, 1893, p. 695. 
* Guide to the Study of Non-metallic Minerals, p. 337, 1901. 
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therefore from this basis he gives a list of sixty-two minerals which he 
considers are likely to be found in fullers’ earth. He also lists an addi- 
tional fourteen, all hydrous silicates. The presence of considerable 
magnesia in some earths he regards as corroborative of his theory of its 
source. 

Following out this idea, it is suggested by Porter that there may 
exist a well-defined relationship between the rational composition 
and the class of coloring matters which a given earth removes most 
efficiently. 

The following rational compositions are given of two earths, whose 
ultimate analysis will be found on p. 377. Porter’s calculations being 
based on the percentages of silica, alumina, etc., soluble or insoluble, in 
the different strengths of acids, but it should be remarked that the 
rational analysis does not balance exactly with the ultimate. 


Mineral Total | SiO. | AlsO,g |Fe203| CaO | MgO} COz | H2O | P20; 
Own Eartu, Fua. 

ZNTOES O12 eee PHN OV Ns ae lis, ieee ae letar ne We: BP Nar mee al (eared Ce tees 1.20 
(CAIBUES oan Seas eee MWA ek Sete sllhs co a Sil ease QUAD came TAO Se eaten 
MVIACTICSIUG artes e 6 sieys.- 00° 1 OO es eee EF cys erg lattes Boalt eri AY CS) ae Salle eae 
ISRCTN oon, 4c of) BPS ale PAN OE TCO Meanie oo olleratren| lence o = BUG sce A 
ree hydrous silica....| 5.46) 5.00)......)..... RSS aC AAR Ras A .46 
Heomvoxidesi7. 02. .4.- 5% StS) Moet al 74 an | ar es aed 2d en tt 
Magnesia (?).... UI AB ne sl Be =a Noein eal i eres Ht 224 eh ell eceyeriih ch es 
PAA UEXTGER fe och c cid “onsi oa PARAL ELA SA Be Oe 25) aan. itekemenleeee me eee DoBwAls ge nc 
Mragite, ete..........- 00) MOS Te4 ill 1, 15| soa Te Le to et 
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Parsons (Ref. 9) gives the weight per cubic foot of fullers’ earth 
from a number of localities in the table, p. 376. 
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Weicut per Cusic Foor or DIFFERENT Fuuuers’ EARTHS 


Locality Weight per cubic foot 
Stimmner ville) exe eae eee ee ern 61 
Galiformiaiyo sheet a eee 58-75 
Hinglamd srs om pe sae eee eon age ierae tere aeecter 68 
Sumter) S:.Car ees see: or ce ee 36 
Pikes Peaks, (Ga sees: ne ae eer 35-40 
Hillemtom, Eileaewanes See canoe eee eaten ree eee 34-36 
Woh Chis JON As noo oBncaee cass soocanee code ut 30 
Parrplay.eAc ws cas tr: eo ae ere 79 
Lancaster, Massa jer ase nae eee eee 78 


The cause of the bleaching power of fullers’ earth still remains to be 
explained. 

Both Ries and Porter have called attention to the probable presence 
of hydrous silica in the earth, but the second writer doubts if the bleach- 
ing power is entirely due to this, as boiling with sodium carbonate does 
not injure it much. 

Sloan ! believes that the bleaching is due to the mechanical entangle- 
ment of the suspended coloring matter by the contained clay substance, 
remarking that ‘‘ when the alumina exceeds one-fifth the amount of 
silica present, the critical point is approximated beyond which an increase 
in the densely bedding aluminous matter prejudices filtration. The 
silica therefore serves to maintain the required porosity.” 

This statement regarding the alumina-silica ratio does not seem to 
hold true in all cases. 

Porter (Ref. 11) by a series of tests on different earths has brought 
out their difference in behavior towards different solvents. 

The results of his tests on the Owl earth from Quincy, Fla., and an 
earth used by the Fairbanks Company, of Chicago, are given on p. 377. 

The theory advanced by him is as follows: 


“1. Fullers’ earth has for its base a series of hydrous aluminum 
silicates. 

“2. These silicates differ in chemical composition. 

“3. They are, however, similar in all possessing amorphous colloidal 
structure. 

“4. The colloidal structure is of a rather persistent form, and is not 
lost on drying at a temperature of 130° C. or possibly higher. 

“5. These colloidal silicates possess the power of absorbing and 
retaining organic coloring matter, thus bleaching oils and fats. 


? Preliminary Report on the Clays of South Carolina, 8. Ca. Geol. Surv., 1904, 
pp. 59-61. 
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ANALYSES oF Funumprs’ Harta AND Cray 


Calculated to 100 per cent * 
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* The strength of the reagents is not given. 


(“‘ The term colloidal is used in its broadest sense to cover the whole 
range of conditions expressed by the words colloid, pectoid and hydro- 
gel.’’) 

Tests made indicate that acids affect the bleaching efficiency of 
some oils more than others, and in some cases bleaching may be increased 
by acid treatment, if the latter removes limonite, calcite or possibly 
hydrous alumina, which may exert a clogging effect (Ref. 11). 

The injurious effect of lime on the bleaching power has also been 
commented upon by Parsons (Ref. 3), who also points out that the cal- 
careous earths are not among the best bleachers. 

Acid treatment may possibly increase the colloidal matter in an 
earth, and thus improve it. 

If the different minerals in fullers’ earth have a varying preference 
for different colors, then this may explain why certain ones are very 
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efficient for vegetable oils, but useless for mineral oils and vice versa 
(Ref. 11). It is favorable to the colloid theory to note that heating the 
earth destroys its efficiency for bleaching cottonseed oil, and perhaps 
adverse to it to find that the petroleum can be burned out of the earth 
in kilns without injuring its bleaching power for mineral oil. 

Pipe clay has some slight bleaching power, but is improved by 
drying and treatment with sulphuric acid, which latter increases the 
colloidal matter. 

Parsons (Ref. 9) has brought out the interesting fact that the 
Southern earths are almost generally very acid in the reaction by the 
regular methods used in testing soils for acidity, still they contain no 
acid. The property is therefore simply one of adsorption such as is 
characteristic of many clays.! 

This so-called “acidity” is found to be a direct measure of their 
absorptive capacity for such bases as lime, but it is by no means pro- 
portional to their power to extract colors from solutions in oil. This 
acidity Parsons found to vary from 0 in the Longstreet earth up to a 
point where it required 1.5 per cent of CaO to “ neutralize ”’ it in some 
others. 

While the absorptive power is not proportional to the bleaching 
power of oils, it is directly proportional to the effect which many earths 
have of producing a rancid odor in edible oils, and this effect can be 
counteracted or destroyed if the earth is first treated with lime water 
until it no longer reacts acid to litmus paper, or gives an acid filtrate 
when shaken up with salt. But this treatment may at the same time 
destroy the bleaching power, so that only partial neutralization can be 
made, without endangering the value of the earth. 

Strongly “acid” earths when suspended in water and subjected to 
the action of an electric current, acted like positively charged colloids, 
migrating slowly to the negative electrode, which Parsons says accounts 
for their yielding an acid filtrate when shaken up with salt solution, and 
their absorption of azo colors from an oil solution, changing them at 
once to the same shade as if they had combined directly with a true acid. 

Some earths when mixed with oil cause the latter to oxidize so rapidly 
and violently in contact with the air, that the contents of the filter 
presses burst into flame immediately on exposure to the atmosphere. 

Parsons believes that the phenomenon of bleaching is one of simple 
adsorption, as shown by the fact that an earth which has taken up all 
the color it will readily hold, yields almost all of this color to alcohol 
after the adhering oil has first been extracted with ether or gasoline. 
The earth thereby regains most of its bleaching power. 


‘In this connection see Cameron, Bureau of Soils, Bull. 30. 
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With regard to the use of fullers’ earth for bleaching petroleum the 
following facts have been noted: The longer the column of earth, the 
more effective the bleaching action; the coarser grained the earth, and 
the higher the temperature, the poorer the bleach. The oil, therefore, 
should be filtered at the lowest temperature at which it works well. 

Treatment.—(Refs. 9 and 11.) 

Minerals oils.—When petroleum is bleached, this is done by allowing 
the oil to flow down through columns of earth, much the same as a sugar 
solution is decolorized by bone black. The first oil passing out is nearly 
colorless, but 1t gradually grows darker until the earth has absorbed 
all the color it will remove. The earth can be revivified by burning off 
the adhering petroleum in rotary kilns and used again. The high heat 
does not appear to injure its bleaching power for petroleum oils, but 
would ruin the earth for use on animal and vegetable oils and fat. 

Animal and vegetable oils.—lor treating these the oil is heated by 
steam, the finely ground earth added, stirred for two or three minutes 
and the hot oil run into filter presses. The temperature used is vari- 
able, but commonly is not more than a few degrees below 100° C. The 
quantity of earth required varies with the kind of oil and earth. 

Lard and lard oil generally require about 1 per cent earth; cotton- 
seed oil about 5 per cent, and certain dark tallows and greases need much 
more. 

After bleaching it is usually necessary to refine the cottonseed oil in 
order to improve its taste and odor. 

A larger per cent of earth is required to reach a certain standard 
color if a lower temperature is used, but still this is thought by some to 
improve the flavor and odor. 

Requisites of good earth.—Parsons names the following: 


It must bleach as well as the English earth. 

It must not cause the oil to revert to its original color. 

It must filter well. 

It must absorb no more oil than the English earth. 

It must not catch fire when removed from the filter press. 
It must give no permanent taste or odor to the oil. 


Fullers’ earth was originally used for fulling cloth, that is, cleansing 
it of grease, but this is now its least important application. It is also 
employed in the manufacture of certain soaps. Its use for removing 
calcium carbonate from water for boiler-supply, thus preventing dele- 
terious incrustations, is also suggested. 

Its most important use at the present time is for bleaching cotton 
and lard-oil, but it is also employed on castor, linseed, cocoanut and other 
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oils, as well as on tallow and greases. Mineral oils are also filtered 
through it. 

For filtering mineral oils the earth may be used in three sizes, Vizae 
through 15 on 30-mesh, through 30 on 60-mesh, and through 60 on 80- 
mesh (Ref. 4). 

For edible oils the English earth is ground as fine as 120-mesh, but 
some American ones are only ground to 100-mesh (Ref. 4). 

Fullers’ earth has also been employed as a carrier for colors in cheap 
pigments used in wall paper printing, and occasionally as a bond for 
abrasive wheels. 

Occurrence of fullers’ earth in the United States.—Fullers’ earth has 
been reported as occurring in Alabama, Arizona, Arkansas, California, 
Colorado, Florida, Georgia, Illinois, Massachusetts, Minnesota, Mis- 
sissippi, Missouri, Nebraska, Nevada, New York, Pennsylvania, South 
Carolina, South Dakota, Texas, Utah, Virginia, and Washington, but 
in 1924 it was produced only in Alabama, Florida, Georgia, Illinois, 
Massachusetts and Texas. 

In 1924, Georgia became the leading producer, having outranked 
Florida. The United States production in that year came from thirteen 
operators, and amounted to 177,994 short tons, valued at $2,632,432, 
or an average of $14.79 per ton. The imports (wrought and unwrought) 
for 1924 amounted to 7302 short tons, valued at $92,488. 

It is interesting to note that the producers of fullers’ earth are con- 
fronted with possible serious competition from certain bentonite-like 
materials from California, Nevada and Utah, which after treatment 
with sulphuric acid are said to be superior for filtering oils.! 

Mode of Occurrence.—With the exception of the Arkansas deposits, 
which have been derived from basaltic dikes (Ref. 26), all of the fullers’ 
earths of the United States are of sedimentary origin, and in their 
occurrence resemble deposits of transported clay. The Massachusetts 
material is unique in being a glacial silt (Ref. 26). 

Comparatively few of the deposits have been described in detail. 

Florida.—This State has for some years been the leading producer 
of fullers’ earth. It has been worked near Quincy, Gadsden County, 
and Kllenton, Manatee County, the deposits in both cases being in 
formations of Upper Oligocene Age. The material is believed to under- 
lie a considerable area. It has been used chiefly for bleaching mineral 
oils (Ref. 31). 

Georgia.”—Fullers’ earth occurs in the following three localities: 
(1) In the Alum Bluff formation of the Miocene, the deposits being best 

+U.5S. Bur. Mines, Min. Res., 1924. 
*Communication from 8. W. McCallie, State Geologist. 
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developed in the Attapulgus district along the Georgia-Ilorida line. 
The earth is light cream and brittle when dry. Its chief use is for filter- 
ing mineral oils, and it supplies probably one-third of the United States 
production. (2) In the Claiborne (Kocene) formation, occurring on the 
north edge of the coastal plain, especially in Twiggs County (Pike’s 
Peak district). There are two beds 10-20 feet thick. It is used chiefly 
for vegetable oils. (8) In the Midway (Eocene) formation, found 
mainly in western part of State along the Chattahoochee River. The 
deposits, which are not worked, are similar to the Claiborne 
earth. 

Illinois.-A deposit of fullers’ earth about 30 feet thick is worked 
near Olmstead, Ill. It occurs in the Midway formation of the Tertiary. 
The earth is said to be useful for treating both vegetable and mineral 
oils (Ref. 27). 

Alabama.—Fullers’ earth has been produced for some years in Wills’ 
Valley, 4 miles northwest of Fort Payne, De Kalb County. Some has 
also been produced from Tertiary beds in Clarke County (Ref. 22). 

South Carolina, North Carolina, and Virginia.—Harth of very fair 
quality has been obtained from near Sumter, South Carolina, and depos- 
its are also known in North Carolina and Virginia, but the earth from 
the last two is more or less sandy. 

Arkansas.—The deposits of fullers’ earth occur near Hot Springs and 
are derived from a dike of basic igneous rock (Ref. 26), which is said to 
have weathered to a depth of from 60 to 200 feet. 

South Dakota.—In South Dakota (Ref. 29) the first deposits were 
located and opened up five miles southeast of Fairburn, Custer County, 
the section showing: 


Feet 
Miveaceouswsandy Clay. <b ain sail aes ae 6 
Tawa ereSy Leeann ote EY Ide ee elinc! oo ne* beet 9 
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The earth is a yellowish gritty clay, with a somewhat nodular struc- 
ture. Other deposits are known near Argyle and Minnekata. The 
deposits are of Jurassic age. 

California.—Fullers’ earth is said to occur in Kern and San Ber- 
nardino counties, but only that in the former appears to have been 
worked.! It is said to range from 15 to 50 feet in thickness. The 
deposits are of Cretaceous, Tertiary, and Pleistocene age. 


1 Calif. State Min. Bur., Bull. 38, p. 274, 1906. 
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Fig. 101.—Fullers’-earth pit, Quincy, Fla. Behind it are the drying-floors. 
(Photo by H. Ries.) 


Fra. 102.—Outcrop of fullers’ earth, northeast of Fairburn, S. D, 
(After Todd, 8. Dak. Geol. Surv., Bull. 3, p. 121, 1902.) 
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The following table gives the composition of fullers’ earth from a 
number of different localities: 


ANALYSES OF FuLLERS’ Harta 


I II III IV Vv 

SUNOS, (SIONS cw eee ee eee ae EL PAL EXO) 17 47.10 62.83 67.46 
Atuminan@AlsO3) .....--...2:) 12.25 10.00 16.27 110), 235) 10.08 
Ferric oxide (Fe2O3)........ 2.07 DTS 10.00 2.45 2.49 
Mrimen(CaO) er cece < seen eins 2. 13) 0.50 2.63 2.43 3.14 
Magnesia (MgO)........... 4.89 iL QS 3). US 3. 2 4.09 
Pioimein (ESO) - 3 sc SU aI eel iene ene | eee O74 ah are teers 
Seeks, (N@AO Made Ge i's eects ae ee eee ree ee OZ 2OTR esse pee 
Water (its) areas. es..00.||- 27289 PHA ES oe UPA 5.61 
LOLS HULLC MEIN i eres Sc roues wlecotee ayullosiete a toe iss 1) 6.41 6.28 
RO sSpomer emitlOM parsed chk. |i chctetevss aaliice a's wae DTM eo. tem a scilea a one, wheat 

RGR, cite ee 2 eee 100.41 100.06 100.00 96.25 99.15 

VI VII WANKEL 1D:« axa 
Shion (GROBIA 65 eaeretes cocteee 58.72 50.36 74.90 54.32 63.19 
Alumina (AlsOs)ecceses2-.5-) L690 33.38 10.25 18.88 18.76 
Ferric oxide (Fe2O3)........ 4.00 3.31 1675 6.50 7.05 
‘Litas (CCEX ONS ie edie oe eee ANS 0G Mallets cevecnas: 3 0) 1.00 0.78 
Magnesia (MgO)........... ZB OOD | eee! ort: 2.30 3.22 1.68 
iP oeiy (AONE a oe eens Veaes if On2t 
PH plat hea hee : 21 

clei CREO ae j I eee Lat 
Werther (Elo) eeepc ecteccscvens ene 8.10 12205: DVOOLW ea acwe amos 
IMIGISGUIRCE eine: suchen oa De iam eer eae, TESTOR ar erect ae eee oer 
TLS Gm, TRRNEB VOTING, oto alee ety ote lenoeseeaoleee al (Clee eet penne camer LL ESC Gia aya oye 

BRO GAL ee ee leona o% arewdhene ws 98.45 99.10 99.75 99.99 100.74 


I. Smectite from Cilly. Pogg. Ann., LXXVII, p. 591, 1849. 
II. Malthacite from Steindérfel. Dana, Syst. Min., 1893. 
III. Woburn sands, Eng. (yellow), R. H. Harland, analyst. 
IV. Gadsden County, Fla., P. Fireman, analyst. U.S. Geol. Surv., 17th Ann. Rept., Pt. III 
(ctd.), p. 880. 
V. Decatur County, Ga., Ibid. 
VI. Fairburn, 8. Dak., E. J. Riederer, analyst. U.S. Geol. Surv., 17th Ann. Rept., Pt. III (ctd.), 
p. 880. 
VII. Glacialite, Enid, Okla. Ter. G. P. Merrill, Non-metallic Minerals. 
VIII. Sumter, S. Ca., H. Ries, analyst. U.S. Geol. Surv., Min. Res., 1901, p. 932, 1902. 
IX. Bakersfield, Kern County, Calif. Min. Indus, X, p. 273. 
X. Alexander, Ark., 1 S., 13 W., Sec. 8, S. W. } of S. E. . Branner, Amer. Inst. Min. Eng., 
Trans., XXVII, p. 62, 1898. 
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CHAPTER VII 
DISTRIBUTION OF CLAY IN THE UNITED STATES 
ALABAMA—LOUISIANA 


Introduction—In this chapter and the two following ones it is 
proposed to describe briefly the occurrence, properties, and uses ' of the 
clays found in the different States. While it is thought that the more 
important facts are grouped here, still there may be some who wish 
to obtain additional details, which they can do by looking up the refer- 
ences given at the end of the discussion of each State. 

A grouping of the clays according to geologic formations has been 
adopted partly because the subject is treated mainly from the stand- 
point of the economic geologist, and partly because it admits of greater 
uniformity in mode of presentation. For the benefit of those who would 
prefer a grouping by kinds, the index has been made as complete as 
possible, in order to enable them to find the data for which they are 
searching.” 

Statistics of Production.—Doubtless few people realize the impor- 
tance of the clay-working industry in the United States, and yet this 
is not so surprising, since clay has less popular attraction than many 
other mineral products, such as gold, silver, ete. A casual glance, 
however, at the annual figures of production will probably speedily 
convince one that clay is to be classed among the foremost min- 
eral products of the country, being outranked only by coal and 
iron. 

The statistics of production for 1923 and 1924, as published by 
the United States Department of Commerce, are given on the follow- 
ing page: 


‘ This refers to their use for the manufacture of clay-products. 
* For a detailed bibliography of the Clay Deposits of the World, see Ries, H., 
Bull. Amer. Ceram. Soc., IV, p. 428, 1925. 
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Cuiay Propucts oF THE Unrrep States, 1923-24, ny Propucrts * 


1923 1924 
Product 
Quantity Value Quantity Value 
COM NIOM DTIC mh wie scsi ees bracts thousands| 7,282,181 | $94,472,666 | 7,158,714 | $86,691,550 
Witrified brick or block... .......<. thousands 699,269 15,569,670 554,440 12,973,904 
PRA CO RU GCIS. sei stcrc rece uehaPve lonstoters tera aons thousands| 1,931,175 38,891,834 | 2,030,403 39,931,055 
Fancy or ornamental brick......... thousands 12,879 252,323 538 33,419 
inameled! bricks 2), eon cceeis ae sc ce thousands 19,502 1,670,852 21,074 1,789,012 
Architectural terra cotta........... short tons 138,462 16,486,039 140,624 16,445,630 
Fireproofing and hollow building tile.short tons] 3,764,744 28,274,801 | 3,534,784 24,998,068 
BUTE NOUGAT ALIN ose eeetey stele ier Yenstlete shave Sea TNe hac areors evens siecs 23 SOL, UD Va loeyetaeree ete 24,841,813 
ID ARMIN SI ee SreGcte Mer COR te Oo rena short tons 615,640 5,099,955 592,641 4,817,390 
BE WOLUDLDE win caine ore SE Sloxe eae aes short tons] 1,777,584 29,102,511 | 1,951,612 32,399,971 
MUOMOMLITN TI pmo TRY: Oca Gata eats short tons 54,684 1,218,970 41,986 1,036,767 
Ter Che etree tere csc co oes less hes thousands] 1,134,223 46,676,637 955,399 40,620,941 
IN BSCE ME MIKO EIS Soon chcuorS RAI NO ROIS Aer ERC parecdl eae ta A aiie SEU UI TAG H | aeecrtenevnever 11,184,873 
pRomsloricksa md ti] Geren crete easpere crease eel ensvakecsecvere cc BOS GSE SGM A cvevcrctene tenets 297,764,393 
PRO tAlyDOtCEry amkcunvcrnotey sens noc lene eeseieueee |Auliapels sraensye PVA O5OGT Wgaarenee «ote 118,014,985 
RGQUaniCl HOGA la note cicteearerere Chet ce us hol ee icine esas $424 O82,0280 lcs tietenclees $415,779,378 


* Figures obtained through co-operation with Bureau of the Census. Figures for 1925 not yet 


available. 


Cuiay Sotp By PRoDUCERS IN THE UNITED Sratss, 1925 


Short tons Value 

Kaolin, china clay, and paper clay. 367,319 $3,220,719 
Balliclayareene eran: eiee de eee eon 109,607 699,427 
Slipyclaycerewe ene eee koe 7,349 37,397 
Pirexe) avse tee wane eae moieties enc 2,566,934 7,312,349 
SOMES COrogse ce aoa eo ses oo « 77,438 162,161 
Miscellaneous clays... 246.952) 901,773 1,304,579 

LOtalepars cm rscrne ne nurhe ete: 4,030,420 | $12,736,632 


Although the domestic production is considerable, it is not sufficient 
to meet all needs, and so a considerable quantity is imported, as shown 
on p. 388. 
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Cuay Importep ror ConsuUMPTION IN THE UNITED States, 1925 


Short tons Value 
IGyalinay Oye (elnino, GER, sae accuse ace 372,552 $3,195,694 
Common blue and Gross Almerode 
ABER, QUW is aca cen conor toes 11,889 107,940 
All other clays— 
Whitinatomedatts,, 25 ce eu ede se 49,991 499,325 
Wrought =e. 24556525" sce 2,383 29,266 
TOtal Stearn ere mere ce er 436,815 $3,832,225 


Domestic Ciay ExporTED FROM THE UNITED SraTes, 1925 


| ! 
Short tons Value 
Pires clay: sens cc amet a ae eee 44,037 $350,571 
All others ee rer ioe ee eee 39,006 530,995 
Ota 5 Oe eee eee 83,043 $881,566 
ALABAMA 


The clay-deposits of this State are distributed over a wide 
range of geologic formations, whose characters are briefly referred 
to below: 


ARCHHAN AND ALGONKIAN 


The rocks of this age, which underlie a roughly triangular area of 
the eastern part of the State, consist of granites, gneisses, and schists, 
all of which have, by surface decay, furnished a residual clay, usually 
of ferruginous character. In the schist areas, however, there are not 
a few pegmatite veins, whose decomposition has resulted in the forma- 
tion of kaolin. Such occurrences are found near Milner, Pinetucky, 
and Micaville, Randolph County, and Stone Hill in Cleburne County, 
but they are all undeveloped, owing to lack of railroad facilities. The 
Alabama kaolins in their crude condition are rather siliceous, highly 
refractory, and burn to a very white color. 
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CAMBRIAN AND SILURIAN 


The clays obtained from these formations are either residual deposits 
or are concentrates from these, which have been carried by surface- 
waters down into sinks and other depressions. While the Silurian rocks 
contain some shaly members they are not, as far as known, used for 
brickmaking, but the residual clays which are usually impure are exten- 
sively employed for this purpose. At certain localities, such as at 
Gadsden, Kymulga, Peaceburgh, and Oaxanna, white clays occur sur- 
rounded by the impure ones, and those found in Cherokee County have 
been used for fire-brick manufacture, 


MISSISSIPPIAN 


Although occupying a number of small areas in the northern portion 
of the States no clays of economic value have been noted from this. 
In Will’s Valley, however, it carries an important bed of white clay, 
which is also found farther north near the State line. The white clay, 
which is known locally as chalk, and has an aggregate thickness of about 
40 feet, is worked near the State line about Eureka station, and thence 
southward for two miles. 


CoAL-MEASURES 


These occupy a large triangular area in the northern part of the 
State, but since a great portion of the region is remote from the railways, 
whatever shales or clays it may contain have been but little developed. 
The most important deposits are the under-clays found in some of the 
coal-fields, which have been employed for making pottery, as at Jugtown, 
Fort Payne, Rodentown, etc. The shales are also used in some parts 
of the State for making vitrified brick, especially at Coaldale and North 
Birmingham. No fire-clays have thus far been found in the coal- 
measures, 


CRETACEOUS 


This contains the most important clay-deposits in the State, but 
most of the beds have thus far been found in one member, namely, 
the Tuscaloosa. This consists usually of yellow and grayish sands, 
with smaller beds of pink and light-purple sands thinly laminated, dark- 
gray clays holding many leaf impressions, and gray lenses of massive 
clay which vary in color. The formation occupies a belt of country 
extending from the northwest corner of the State around the edges of 
the Paleozoic formations to the Georgia State line at Columbus, attain- 
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ing its greatest width at the northwestern boundary of the State. The 
purer clays have as yet been found only in the northern part of this 
area, in Fayette, Marion, Franklin, and Colbert counties, and the adjoin- 
ing parts of Mississippi, but the following section from twelve miles east 
of Tuscaloosa affords a good idea of the character of the deposits. 


Section 12 Mines Hast or Tuscatoosa, ALA. 


Site. Than 
ee arp lemmassiiencl ays ae ersten tne 5 0 
2. Herruginous sandstone crusts....... 4-2. 1-0 G=8 aa0 
SeuuViarievated claves sal Csr ete ene eee neta 1 
4. Purple clays with sand partings.............. 10 
5, INSTRU OUI CHIBI, oooncesscon ssa sesuoeooe ik 
6. Laminated, gray and yellow sandy clay........ 6-8 0 
Te laenite: witht pyrite moduleser tage rinses 2 6 
Soy Dark-orayrmasslyelclays tne ketene 6 8 
9's Covered Sertiectas cris iticte s raeyncce were een eS 

10. Purple clay ....cr< onmisccte coarse til sie tho there ete or eee 


This section shows great vertical variation and a similar one may 
occur horizontally. Nevertheless, the formation contains not a few 
deposits of workable size, which are employed for stoneware and common 
earthenware, as at Sulligent, Tuscaloosa, ete. In Colbert County the 
Tuscaloosa formation carries fire-clays, and other deposits are known 
near Woodstock and Bibbville. A curious white siliceous clay occurs 
near Chalk Bluff and Pearce’s Mill, Marion County, but it has not been 
utilized. 


TERTIARY 


The Tertiary formations underlie the southern third of Alabama, and 
while it is known that they contain extensive deposits of clay, these 
have been but little investigated. The most promising occurrences 
of clay in this section are in the Grand Gulf formation (Pliocene) which, 
according to Dr. E. A. Smith, overlies uncomformably most of the older 
Tertiary beds. A siliceous clay, resembling flint-clay in appearance, 
is found in abundance in Choctaw, Clarke, Conecuh, and other counties. 
Its analysis is given in the appended table. 


PLEISTOCENE 


Over much of the coastal plain in the second bottoms of the rivers 
there is a great extent of yellow loam suitable for brickmaking, which 
corresponds to the Columbia loams of the Northern States. 
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Locaities or CLAYs IN PrecEDING TABLE 


No. Locality Geological Age Remarks 
Ty) Gadsden? ss 57 tcrr Cambro-Silurian...........| Not worked 
II Peaceburemen ste 
UTS eurekajeremi ee eee PM VUSsissipp lamin e es ere } leNotworked 
TINY || T8iiramMUNE NSN. 5g 0 oc o5- .| Coal-measures.......... if 
Vey eBibbvalle tee eres 
AWA |) Tekechitanel waco conkes os 
VIL | Shirley’s Mills........ | Lower Cretaceous......... Not worked 
VILL” | BBexategsutnns acme re 
TX |b Peorama peer creer | 
<9) Wugeallasine get cover a= J 


Numbers I-X from Bull. 6, Ala. Geol. Survey. 


Division oF Ciays By KInps 


China-clays.—The only kaolins are those occurring chiefly in Ran- 
dolph County. 

Fire-clays.—The fire-clays of Alabama come from four geologic 
horizons, namely: (1) The Cambrian and Silurian limestone forma- 
tions of the Coosa Valley region, seen at Peaceburgh, Calhoun County, 
Oaxanna County, and Rock Run, Cherokee County; (2) the cherty 
limestone of the Lower Carboniferous formations of Will’s Valley, seen 
at Will’s Valley and Valley Head, DeKalb County; (3) the Tuscaloosa 
formation of the Lower Cretaceous, occurrences being known at Bibb- 
ville and Woodstock in Bibb County, Hull station and Tuscaloosa in 
Tuscaloosa County, Potter’s Mills in Marion County, and Pegram in 
Colbert County; (4) the Lower Tertiary formation, Choctaw County. 

Pottery-clays.—These are found at a number of localities, including 
Blount County; Rock Run, Cherokee County; Fort Payne, DeKalb 
County; Coosada, Elmore County; Bedford and Fernbank, Lamar 
County; Tuscaloosa, Shirley’s Mill, Fayette County; Pegram, Colbert 
County. 

Brick-clays.—Many deposits are found in all parts of the State. 

In the table on p. 391 there are given a number of physical tests 
and chemical analyses of Alabama clays. Additional ones will be found 
in Reference 4, on p. 393. 

Common brick, face brick, hollow tile, and fire brick are among the 
most important clay products produced in the State. 
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p. 291, 1907. 


ARKANSAS 


Clay-bearing formations.—Clay- or shale-bearing formations are said 
to occur (Ref. 2) in the Ordovician, Silurian, Devonian, Mississippian, 
Pennsylvanian, Cretaceous, Tertiary, and Quaternary, but only Nos. 
5, 7, and 8 are regarded as important. There are also some residual 
clays. 


RESIDUAL CLAYS 


The bauxite deposits of Saline and Pulaski counties may be said to 
be of this type. With them are associated deposits of kaolin, which 
according to G. C. Branner are in places as much as 15 feet thick. The 
amount of overburden varies and the kaolin has not been used. 


MISSISSIPPIAN 


The Fayetteville formation of the Mississippian contains a soft 
shale up to 150 feet thick, which is well developed along the West Fork 
of the White River near Fayetteville, and is said to be suitable for 
brickmaking. Many beds of shale are found in the Coal Measures of 
the Pennsylvanian, but their value is not known. According to Bran- 
ner (Ref. 2) they occur in great abundance between Little Rock and 
Fort Smith. 


CRETACEOUS 


The Cretaceous occurs only in a small area in the southwestern 
corner of the State and is said to contain no clays of commercial impor- 
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tance, although “ sedimentary ”’ kaolins have’ been reported from Pike 
County (Ref. 2). 


TERTIARY 


Tertiary clays underlie a large part of the State east and south of 
the St. Louis, Iron Mountain and Southern Railway, as well as along 
the lowest part of Crowleys Ridge. Branner states that beds of fire-clay 
occur with lignite in the Crowleys Ridge region. 

An interesting clay of the glass-pot type has been worked at Lester, 
Ouachita County, and the following tests of a washed sample, made by 
the U.S, Bureau of Mines show its qualities. 


Workability: very smooth. 


Per cent 
Warterot jolasticithyerses encte ee oe eatrro te siete nad es acai 29.73 
Violumeair shrinkage eet rekaectere ete teriere 26.19 
Linear air shrinkage sen sain aera eee tiaie eter ete 9.50 
Pounds per square inch 
; ; IBEW OER nan Aneaub Mooeootogse 1068.6 
Modulus of Tapuute, { A ielayst b samdcty aetna rere 405.1 


Frre Tests 


| 
ones Parostiv’ Volume Linear 

ature, Color shrinkage, | shrinkage, 
sd per cent ne 
Oy per cent | per cent 

1190 18.70 Light buff 3.20 1.20 

1250 19.19 Deep cream 4.52 1.80 

1310 20.45 Light buff 4.11 1.61 

1370 17.50 Deep buff 2.90 1.01 

1410 13.90 Deep buff S250 ats 


Fusion point, cone 26. Steel hard, 1190° C. 


Common pottery clays of variable quality and thickness are said to 
occur in the Lower Tertiary in several counties. 

On the Hotsprings (Ref. 3) reservation the Paleozoic shales have, 
by decay and leaching in place, yielded a series of light-colored siliceous 
clays. They form beds of variable thickness, sometimes interbedded 
with sandstones. These clays have been worked outside the reservation 
on Cedar Mountain, near Mountain Valley P. O., and shipped to Chi- 
cago for use in making art pottery. Only analyses are available, and 
these give little information regarding their physical properties: 


part of the State. 


ARKANSAS 


I Il 

Silica (SiO 5 kee eee eee TO 14.55 
/Nibaaviney (WGNIKO})) cones seo cece dente. Ng Pare 13.68 
Herric oxide (Fe,O3))............. 185 2 
Pnmmnien (CaO ine ee sek paar a. aches SBS 20 
Meaonesia (MeO). seme ase oe ee 91 2.03 
Potashs(k. ©) ae ree aoe 3h fll 3.84 
Soda ((NajO) seek cla tcee .26 10 
plitvamicsacicla (le @ a) eee ee en 1.00 Bie 
Lonitionaee eee are sear sees 4.36 3.63 
IVE OIS GUIS meet aaron ect oe .88 Bilal 

100.08 100.80 
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Quaternary deposits occupy a large area in the southern and eastern 
The clays of this age which have been worked occur 


on and near Crowleys Ridge, which extends from the north boundary of 
the State in Clay County, south through Phillips County. The clays 
of this region are said to be of two kinds, viz.: (1) Loess, which occurs 


ANALYSES OF ARKANSAS CLAYS 
| a | iO eel IV V VI WAGE |) WANE | ID 

Silican(Si@y)k 4... - 53.30/62.36) 58.43151.30/63.07) 48.34 | 76.33) 75.9945 .28 
Alumina (A1,O3)..... 23.29/25 .52) 22.50)24 69/23 .92) 34.58 | 16.04) 16.12137.39 
Ferric oxide (Fe.O3).| 9.52] 2.16} 8.36)10.57) 1.94) 1.65 a Leys al. 7Aal 
Time(C2 ©). sen: COG eso ee we Dame ST iy Br (a Lege 
Magnesia (MgO)....| 1.49] .29| 1.14] .63] tr. | tr. diff. [1.45 | 29 
Potash ©)emeeere 1 BG ak OKO PA aket yale) al salss 44 SOON leone 
Soda(NarO) peste eelece dol seOGh) LeOsit. (2) L089 le26 | Bed 
Warten (HsO)Reee es iLDeLOl ooZi=ORorio. lL Oviel2.O4 ee) eee 13.49 

AO Gall eaeinerete ts 97 .24/98 .72)100.83/99. 52/99 . 46/100 .02*|100.00)94.91 199.99 


* TiOs 1.56. 


of S. E. t. 


I-IV, Carboniferous; V-IX, Tertiary. Branner, Ref. 1. 


. Clay-shale from railroad cut at south end of upper bridge, Little Rock. 
. Decayed shale from Iron Mountain Railroad cut, at crossing of Mt. Ida road, Little Rock. 
. Clay-shale from Nigger Hill, Little Rock. 
. From S. E. + of S. W. 3, Sec. 31, 10 N., 23 W. 
. Benton, Hick’s bed, 2 8., 15 W., Sec. 12. 
. Benton, Howe’s pottery. 

. John Foley’s, 13 S., 24 W., Sec. 18, N. E. } of 8. E. 3. 
. Climax pottery, 15 S., 28 W., Sec. 5, W. 3 
. Kaolin, 1 N., 12 W., Sec. 36, Tarpley’s. 


396 DISTRIBUTION OF CLAY IN THE UNITED STATES 


Fie. 103.—Pit of Carboniferous shale near Birmingham, Ala. (Graves photo.) 


Fic. 104.—Tertiary clays (Ione formation) used for brick, terra-cotta, etc., 
Lincoln, Calif. (Photo loaned by Gladding, McBean & Co.) 
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on the ridge and on the hill slopes, some of it which is suitable for brick 
being used. (2) Buckshot clay, a light gray sandy clay with abundant 
small limonite nodules. This occurs all over the low country for fifty 
miles or more west of Crowleys Ridge. There are some smaller areas of 
it east of the ridge. Common brick have been made from it at several 
localities, but the product is spotted on account of the nodules. 

Uses of Arkansas clays.—Common brick have been made at many 
localities, mostly at small plants, and for local use. Paving brick have 
been made at Fort Smith. There has been a small production of stone- 
ware at several localities. 


REFERENCES ON ARKANSAS CLAYS 


1. Branner, J. C., Cement Materials of Southwestern Arkansas, Trans. Amer. Inst. 
Min. Engrs., Vol. XX VII, p. 42, 1897. 
2. Branner, G. C., The Commercial Clays of Arkansas, The Ceramist, VII, p. 250, 
1906. 
3. Branner, J. C., The Clays of Arkansas, U. S. Geol. Surv., Bull. 351, 1918. 
4. Annual Report of State Geologist for 1888, Pt. V, p.11. Gives numerous analyses. 
5. Eckel, E. C., Clays of Garland County, Ark., U.S. Geol. Surv., Bull. 285, p. 407, 
1908. 
6. Purdue, A. H., Possibilities of the Clay Industry of Arkansas, Ark. Brickmakers 
Assoc., Little Rock, 1910. 
7. Ries, H., High Grade Clays in Arkansas, U.S. Geol. Surv., Bull. 708, pp. 120-121, 
255-259, 1922. 
ARIZONA 
The clay resources of this State have been but little developed. 
Ransome ! states that clay for use in a mixture to line converters 
is obtained from near the Czar fault in the Copper Queen mine, and 
has been formed by decomposition or alteration of the Obrigo lime- 


stone. 
Common brick-clays are used locally at a few points. 


CALIFORNIA 


Published information regarding the properties of the California 
clays is very meager, although many scattered references are to be 
found in the annual reports of the California State Mineralogist, espe- 
cially the 7th to 13th. 

Residual clays are derived from many of the formations occurring 
within the State, and are occasionally worked for common brick. 

Of the sedimentary clays, those belonging to the Ione formation 
of the Neocene, extensively developed in the Great Valley, are the most 
important, but unfortunately they are exposed in only a few places. 


1U.S. Geol. Atlas, Folio No. 112, p. 17. 
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Lindgren ! states that the white clays of this formation are frequently 
well suited to pottery manufacture, and the clay industry has been 
extensively developed around Lincoln, Placer County. Similar beds 
are found at many places in the Cosumnes area, but they are not worked. 

The white Ione clays have also been extensively dug to the north- 
west of Ione and above Carbondale, to be used in making coarse pottery. 
A variegated clay of good quality has been quarried at Valley Springs 
and shipped to Stockton for making pottery.” 

A belt of clays is also said to extend in a general west of north and 
east of south direction from Elsinore on the south to Corona on the 
north. These have been dug for the factories at Elsinore, Corona, and 
Los Angeles (Ref. 1). 

At Los Angeles the Tertiary clays are used locally for brick and 
flower-pots. 

The Lincoln locality, although the smallest of the three important 
ones, is extensively worked; the Carbondale area contains probably 
the best grades of clay, but the Elsinore-Corona belt affords a greater 
variety. 

At Alberhill, seventy miles southeast of Los Angeles, much high-grade 
clay is obtained from Tertiary deposits (Ref. 4). The main stratum 
known as M. T. clay fires to a light cream color and fuses at cone 29. 
Another bed yields a smooth plastic blue clay, whose fusion-point is 
cone 32 and which is used in the manufacture of face brick, terra-cotta, 
stoneware and other pottery. Still a third is classed as ball-clay, and 
a fourth which is non-plastic, white and highly refractory makes, when 
calcined, a good grog for fire-brick (Ref. 3). Some bauxites also occur. 

The clay products of California include common, and pressed brick, 
hollow blocks, sewer-pipe, drain tile, terra-cotta, roofing- and floor-tile, 
porcelain, stoneware and other pottery. 


_ REFERENCES ON CALIFORNIA CLAYS 


1. Anon., Industrial Materials of California, Cal. St. Min. Bur., Bull. 38, 1906. 

2. Boalich, EK. 8., and others, The Clay Industry of California, Cal. St. Min. Bur., 
Prelim. Rept., No. 7, 1920. 

3. Burchfield, B. M., Refractory Clays of the Alberhill, California Deposits, Jour. 
Amer. Ceram. Soc., VI, p. 1167, 1923. 

4. Johnston, W. D., Clays, Cal. State Mineralogist, 9th Ann. Rept., p. 287, 1890. 

. Ries, H., The Clayworking Industry of the Pacific Coast, Mines and Minerals, 

Vol. XX, p. 487, 1900. 


Or 


COLORADO 
The clay-bearing formations include the Permian-Triassic (2a 
Jurassic, Comanchean, Cretaceous, Tertiary and Quaternary. 
1U.S. G. S., Geol. Atlas, Folio 5. 
2 Turner, U. 8. Geol. Survey, Geol. Atlas, Folio 11. 
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Fic. 105.—Tertiary clays used for common brick, Los Angeles, Calif. (From 
Bull. 38, Calif. State Min. Bur.) 


Fic. 106.—View of fire-clay pits, Golden, Colo. The good clay has been taken out, 
the worthless sandy beds left standing. (Photo by H. Ries.) 
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Clays from all these (Ref. 7) have been examined and tested, but 
have not all been developed commercially. 


PERMIAN-J URASSIC 


The Upper Wyoming series of the Permian-Triassic shows its greatest 
development near Boulder but the shales are usually too sandy and too 
high in iron to be of any value, though some may do for common brick. 

The Marion formation of the Jurassic carries some low-grade shales 
that might be used for common brick, but other beds are highly cal- 
careous. 

CRETACEOUS-TERTIARY 


In the upper part of the Purgatory formation of the Comanchean 
there are white-burning refractory clays and shales, while some ball- 
clays are also said to occur. 

The Cretaceous and Tertiary beds are well exposed along the eastern 
edge of the Rocky Mountains, where they have been worked for some 
years. 

The Dakota formation which has been worked, especially in the 
Denver basin and also around Park City and Canon City, has lenses of 
clay and shale up to 10 feet in thickness. At times the beds have been 
found too thin to exploit, but around Golden a considerable quantity of 
clay has been obtained from the hogbacks. 

These Dakota clays have been found adapted to a rather wide variety 
of uses, including fire-brick, common brick, assayers’ crucibles, earthen- 
ware, etc. 

The distribution of the Dakota formation is shown in the U. 8. Geol. 
Atlas Folio sheets; 36, Pueblo; 68, Walsenburg; 135, Nepesta; and 
in.U.S. Geol: -Sury., Prof. Pap. 32: 

The shales of the Graneros and Carlisle formations (Benton) are said 
to be suitable for making a good quality of common red brick, and 
around Golden they were formerly used for stoneware and sewer-pipe. 
This shale has also been worked at La Junta for dry-pressed brick. 

The clays in the western and southwestern part of the State have 
received but little attention. In the Durango-Gallup coal-field area 
heavy clay shale deposits occur in the Mancos and Lewis formations 
of the Upper Cretaceous, and thinner beds in the Mesaverde and 
Laramie formations, but the first two include the greater part of the 
thick shale formations of the area. The Mesaverde formation also ear- 
ries semi-refractory fire-clays associated with the coals and sand-stones. 

The Mancos shale has been used for pressed brick at Durango. It 
burns red, but contains limestone concretions which have to be removed 
in quarrying. Its analysis is given in the table on p. 401. 
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The Mesaverde fire-clays occur in the coal measures between Durango 
and Mancos, as do also the Mancos shales. In Rages Basin, southwest 
of Durango, there are thick outcrops of the Lewis shale, and it is con- 
tinuously exposed (but not worked) as far as the La Plata River in the 
vicinity of Fort Lewis. 

In the Pierre formation which is from 1250 to 7900 feet thick, there 
are mostly low grade brick shales. These have been worked at Boulder, 
and have been used for common, pressed, and paving brick. 


TERTIARY 


The Dawson formation which has a maximum thickness of 2000 feet 
and covers a large area between Colorado Springs and Denver, contains 
lenses of clay interbedded with sandstone and conglomerate. Many of 
the clays are said to be true fire-clays, while others may be suitable for 
fire-brick. 

PLEISTOCENE 
The loess is used at many points in eastern Colorado for making 


common brick, and many brick-yards around Denver are supplied with 
it. At other localities alluvial clays are easily obtained. 


ANALYSES OF COLORADO CLAYS 


I II Ill IV Vv VI 

mullvech (SOW) 5 aaio o odlacic among ae 50.35 | 63.309] 46.61 | 63.22 | 48.87 | 76.56 
Nimans (ONKORMNG so505cc0ce006 30.64 | 14.38 | 387.20 | 24.72 | 12.26 8.30 
Ferric oxide (Fe2O3)........... BD (0), il tls 43 4.44 388 
iHerrous oxideu(He©)eewiaa ree llnemeeie £350 | Serene (etre ac AUG ee ees. 
Tannen 6 CEs) aie ead aces cya erecta eis Beaeeoe ill 44 .30 | 10.06 le 
IMaomesial(MicO)eee ae ers. a. trace ZOE 25 213 3.82 24 
Botashe (ii O)) mene rrck ci oaee rs 49 UPA} WA a (AEE Wi ae 
BAN ALOR oes csc: TOONS. 19) fe | CoN = realy taeee 
Titan eireel (IMO). soabeacaaee BSN secre cal ar at OSs eters .60 
RVisytert (EDs ©) avers cryreueuess. sie ceieravaysbets WO 74 ®. 228) 13.65 8.63 | 16.391] 4.40 
MEST RUIRE oud aang pace ce Cero mas 2 Me 2.05 AT 1.36 1 yf 1.26 
Br raral hme at Gels ase ehaeh sere eave iyse fee nine he upeneveve = | eteyapern 40 5A] {Gul 

Rotel pee ee mice eee aiks 100.00 | 99.941)100.00 | 99.87 | 99.94 |100.17 

} Includes CO2. ~ SO3. 


I. A typical Golden fire-clay, U.S. G.S., Mon. XXVII, p. 390. 
II. Pierre shale, Lee yard, Boulder County, U. 8. G. S., Bull. 265, p. 74. 
III. Edgemont, Jefferson County, \ U.S. G.S,, 16th Ann. Rept., Pt. IV, pp. 554-565. 
IV. Pueblo, Pueblo County ~ if 
V. Durango. U.S. G.S. Bull, 315, p. 296, 1906. 
VI. Dakota fire-clay, Nepesta quadrangle. U.S. Geol. Atl. Folio, 135. 
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The following physical tests of a few selected clays are from 
Butler’s report (Ref. 1): 


PuysicaL Tests or CoLtorapo CLAYS 


I II Til IV AY VI 
Water plasticity, percent... 2... 4... S17 25 a7 | Ble4 35-4 Zon Oneal. 
Linear air shrinkage, per cent......... 9 9 6 9 6 4 
Tensile strength, pounds per square inch) 14 121 43 86 121 53 
MeN pe vibe CaltlOMs COME =e ernie tele 3 |010 010 05 03 O1 
Fire shrinkage at incip. vitrif., per cent.| 6 1 5 3 2 3 
Absorption at incip. vitrif., per cent...}| 5.0 | 10.0 327 | W228) LOE eS zo 
Golor Rae ce taste ee eer flesh |It.pink| red | flesh | white | red 
USTONy Ol bCONC iter tenet ter rehearse 12 3 18 12 30+ 3 


I. Shale, Laramie formation, Boulder. 

II. Clay, Pierre formation, Boulder. 
III. Sandy clay, Dawson formation, Douglas Co. 
IV. Shale, Graneros formation, El Paso Co. 

VY. Fire-clay, Dawson formation, El Paso Co. 
VI, Brick-clay, Mesa Co. 


REFERENCES ON COLORADO CLAYS 

1. Butler, G. M., Clays of Eastern Colorado, Colo. Geol. Sury., Bull. 8, 1914. 

2. Geijsbeek, S., Colorado Clays, Clay Worker, XXXVI, p. 424, also Whiteware 
Possibilities of Colorado Raw Materials, Trans. Amer. Ceram. Soc., Vol. VIII, 
p. 98, 1906. 

3. Shaler, M. K., and Gardner, J. H., Clay Deposits of the Western Part of the 
Durango Gallup Coalfield of Colorado and New Mexico, U. 8. Geol. Surv., 
Bull. 315, p. 296, 1906. 


CONNECTICUT 


The clays at present worked in this State are confined to the central 
lowland portion of the State. Kaolin was formerly worked at West 
Cornwall in Litchfield County. 


RESIDUAL CLAYS 


At West Cornwall, Litchfield County, there is a deposit of kaolin, 
which has been formed by the weathering of a bed of feldspathic quartz- 
ite, but has been protected from glacial erosion, partly because of its 
location in a hollow, and partly because of its being interbedded with 
harder quartzites. It is of white color, and sandy or granular texture. 
The deposit, which has a length of at least 1000 feet, dips southeastward 
at a rather steep angle and was worked by forcing water down through 
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pipes and washing out the clay, which was then brought up in suspension 
and floated down to the settling-tanks. 

This clay was sold to potters and paper 3 2 & . 3 

manufacturers. An analysis of the 5 


washed material is given below. 3 
PLEISTOCENE x & 
Nearly all of the workable clay- j 2 Al 
deposits of Connecticut are of this c = 
age, and were deposited either in L zo 
estuaries at a time when the land stood 2 2S 
at a lower level, thus allowing the 5 = a 
water to occupy some of the valleys suai y es 
entering Long Island Sound, or else 6 eis 
they were laid down in lakes, formed 2 mi 
by the damming of the valleys by 3 ba 
glacial drift. The valley of the ~ =P 
Quinnipiae depressed below sea-level, SA 
became a long, deep estuary in which g . 
the fine clay derived from the material ei 
in and under the ice was deposited.  ° e - 
The Milldale, Berlin, Middletown, a A 
and Cromwell clays are lake-deposits. g q 
The central Connecticut clays are a 
grouped by Loughlin (Ref. 1) into five qc 3S 
areas, as follows: 6 Ct re 
Northern area, the largest in the 2 e & 
State and including the brick-yards in * ze - 
and north of Hartford. The clay is 25 
a blue or sometimes red deposit of g a 2 
highly plastic character, alternating “3 mn 
with layers of fine quicksand. ate : 5 : 
This area extends from King’s AL 8 = 
Island to eastern Rock Hill County. , | a” ie 
At Hartford it lies chiefly west of the © “he — 
river and is four to five miles in width, 6 ib J 
thence it extends northeastward to a = 
- South Windsor, where east of the river g 


its width is two to five miles. Its thick- 
ness varies from afew feet to as much 
as 95. At most points the clay is 
overlain by a varying thickness of red or yellow sand. 


i 
WTS 
= 


200 } 
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Clayton area, a small area of reddish clay, having a depth of not less 
than 15 or 20 feet and overlain by coarse sand. 

Berlin area, a brownish-red clay-deposit in the valley of the Sebeth 
River between Berlin and Middletown. 

Quinnipiac area, including the clays extending from North Haven 
southward into New Haven. The clay is similar to that of the Berlin 
region, and is usually overlain by several feet of peat. Its measured 
thickness ranges from 6 to 30 feet. 

Milldale area. This is the smallest of the worked deposits. In 
character the material is similar to the others. 

All of these Pleistocene clays are used chiefly for the manufacture 
of common brick, although a small quantity of the drain-tile and earth- 
enware is also produced. The stoneware and fire-brick manufactured 
in Connecticut are from New Jersey clays. 

The following analyses are taken from Loughlin’s report referred to 
below: 


ANALYSES OF CONNECTICUT CLAYS 


I II Ill IV V VI 

Silicag(SiO@>) ears eee A750 ||) 52-23 | 50683" 195d. 20) 08. O25 habe 
Alumina, (AlsOs).<--05. 45+ 0. oe od 40) 22, 252i OG Re 20 Ro Zam GOS mangers. 
Ferric oxide (Fe2O:)........... 0.80 3.14 2.29 5.34 4.89 4.92 
Herroussoxides (kh e@)) meee ent erence: 4.55 2.62 US 1.24 0.93 
Ubon KOENOW IY 5 cide anid Sects o cniniee trace 1.48 122 DPA Beas 4.18 
IMieweaoVeRe, (IMUBO))., so ga maneaonociascocd: 3.20 3.34 2.80 1.92 2.34 
Sodan (Na, ©) hee ere \ 1.10 ( 2.22 1.78 2.82 3) nate 3.40 
IOUS CO), comnosddonedouse ie (Ae 4.40 3.43 3.06 3.16 
Wisvberg (Els) hepa nea aa ee 12.48 ib ee LAD 130 0.99 iy) 
MURS hd Rae Reshma aol. cdtcon 4.91 5.24 5.06 5.36 6.28 
Claiygculb stances re ene 99) 00! es sreseeetll Sate <tekeel | eee ae 

Quartz: cee een eee 1:00 files eee ee ee 
Clayabaisen a Maciel cse ace ere 34.15 | 47.386 | 34:04 | 28.75 | 27.82 
Non-fluxing impurities.........\....... 46.86 | 36.69 | 48.18 | 53.55 | 53.99 
UH LG cetera eon eC RS tet Ae te LSES7 wlan Ooi leleedts 7.86 | 18.938 


I. West Cornwall, kaolin, H. Ries, analyst. 

II. 8. Windsor, Conn., East Windsor Hill Brick Co. 
III. Newfield, Tuttle Bros. 
IV. Berlin, Berlin Brick Co. 

V. North Haven, I. L. Stiles & Sons. 


REFERENCES ON CONNECTICUT CLAYS 


il Loughlin, G. F., The Clays and Clay Industries of Connecticut, Conn. Geol. and 
Nat. Hist. Surv., Bull. 4, 1905. 
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2. Sheldon, J. M. A., Coneretions from the Champlain Clays of the Connecticut 
Valley, 45 pp.; 1900, Boston, Mass.; Abstracted in Amer. Jour. Sci., 4th ser., 
Vol. XI, p. 397, 1901. 


DELAWARE 


The clay resources of this State are of comparatively little impor- 
tance, nor has much been published regarding them. In the north- 
western part, along the Pennsylvania boundary, there are deposits of 
kaolin similar to those found in southeastern Pennsylvania. The prod- 
uct is washed before shipment. 

The Potomac beds of the coastal plain area are said to contain stone- 
ware and fire-clays, which have been dug at two localities not far from 
Wilmington, 


DISTRICT OF COLUMBIA 


According to Darton! there is an abundance of brick-clay around 
Washington and much of it is used, in fact large areas have been dug 
over in the immediate vicinity of the city. The materials employed 
are chiefly loams belonging to the Columbian formation, but the sandy 
clays of the Potomac beds are also used. 


FLORIDA 


The clays of Florida are mostly surface deposits of Tertiary and 
Pleistocene age.” 


TERTIARY 


Residual clays from the Ocala limestone (Hocene) are found at a 
number of localities, especially along the Gulf side of the northern part 
of the peninsula. They are of variable character but some could be used 
for common brick. The Chattahoochee formation (Oligocene) also 
yields residual clays some of which are calcareous but none are at present 
used. Similar ones are derived from the Tampa limestone. <A sedi- 
mentary clay occurring in the Tampa formation was formerly used for 
brick. 

The Alum Bluff Formation (Miocene) which is one of the most 
widely distributed of the exposed formations in Florida, carries sands, 
Clays and fullers’ earth. Other Tertiary formations are also clay- 
bearing. 

1U.8. Geol. Atlas, Folio No. 70, Washington, D. C. 


2 For distribution of the geologic formations see map accompanying 14th Ann, 
Rept., Florida Geol. Surv., 1922. 
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The most valuable clay found in Florida is the so-called sedimentary 
kaolin, a white sedimentary clay occurring at a number of localities in 
the peninsular portion of the state. The exact position of this deposit 
in the Tertiary formations is not definitely settled. 

The crude material may be described as a whitish clay-bearing sand, 
ranging from 6 to over 30 feet in thickness, and underlain by an impure 
clay. The clay has to be washed before shipment to market, and this 
is being done at Edgar and Okahumpka. 

A chemical analysis of the washed material is shown in the table, 
p. 407. 

The following physical tests of the washed clay were made by the 
Bureau of Mines at Columbus, Ohio: 


PuysicaL TrEsts oF FrormA WHITE CLAy 


Workability: very plastic; molds well. 


Per cent 
Water on plasticity. imi verms of dryiclaiy en eee 49.78 
Air shrinkage, measured by volume................-.- By 
(Air shrinkage es linear call cullaytec eerem ean ttt tert 12.20 
Modulus of rupture, pounds per square inch............ 181 
Fire Tests 
Volume Linear 
Temper- Poroctte shrinkage, | shrinkage, 
ature, Color per cent per cent 
aoa per cent : lie : 
CG: in terms of | in terms of 
dry clay | dry clay 
1190 28.3 VENUS oa boas See 12.1 
1250 27.05 | cream white...| 33.11 12.5 
1310 23.41 cream white... 37.33 14.4 
1370 14 Greanneeeeen 46.3 18.7 
1410 PP) butte: aera ee 49.4 20.3 


| The washed product is widely used in the manufacture of whiteware 
industries, for making pottery, wall- and floor-tile, electrical porcelain 
etc., but not alone. The refuse sand from the washing process has eon 
used to some extent for concrete work. : 


PLEISTOCENE— RECENT 


Many alluvial and lacustrine deposits of clay are scattered throughout 
the State. Some of these clays have been w orked, but others are unde- 
veloped. They are adapted to the manufacture of brick and tile. 
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ANALYSES OF FLORIDA CLAys 


I II TU IV 

STC Sls) erent tsar. eee emer t 35.95 30.83 46.11 45 .39 
/Nivnanviarsy (MINOW cans op oc en oneeeae obs 1 OR 15.40 39.5 39.19 
Herricioxidex(HesOs\n scons aed. eee 127 1.40 oN) 45 
Hirmeg (GAO) mets eus to to eee alanis olstona + 15.00 ike ved Wars cat oeke 51 
Magemesial (VicO) mersanrcie se reiae scum. 5.40 Coal) nls .29 
Ailikaliest@N aeO (KO) ace cet ob aeessllean sane WRENS Mid o ow.eu oe .83 
\WVENEe (Ge OD): aie ee CP eee cients ne edie 10.55 7.16 13.78 14.01 
Warbondiox1de (CO) cus aeee saeeraee © 18.50 ZOLA ON preter ee tee ter fe 
‘Syulll ol aie (ae torane CMS OF) be Ais. othe aan es oaedl IPA ae eee en Octal eA ne ROG ees aoe 

MO taller eae, Re hacia Mae che ean eS 99.90 96.21 99.94 | 100.67 


I. Calcareous clay, Leon County, H. Ries, analyst. 
II. Caleareous clay, near Jackson Bluff on Ocklocknee River, H. Ries, analyst. 
III. Washed clay from Palatlakaha River. 
IV. Washed clay from Edgar, C. Langenbeck, analyst. 
I-IV from U, S. Geol. Surv., Prof. Pap. 11, p. 83. 


PuysicaL Tests of Some Fuiorima Cuays 


I II Ill 
Water plasticity, per:cent.......s..-.-..+- 29.45 27.45 29.75 
Linear air shrinkage, per cent.............. 8.30 ILS ORG 
Modulus of rupture, pounds per square inch.| 570.9 400.2 421.7 
Breelshard (conerscsces cles siete Suisun ane ODS errata ta: 1 
@Glorpined pene wer tener rer enc emai ae cream | pink to brown red 
I II III 
Temper- 
ature, Linear Linear Linear 
“ne fire Porosity fire Porosity fire Porosity 
shrinkage shrinkage shrinkage 
950 PA th 35.60 0.5 33.2 0.3 34.0 
1050 3.2 36.00 0.5 33.6 0.3 34.6 
1150 6.7 25.20 1.0 32.4 Uo 26.2 
1190 6.7 19.30 iW 30.2 7.3 18.5 
1230 (2 15.80 1G) 29.4 Ue 16.8 
1310 6.7 10.60 1.0 30.1 7.8 16.4 
1370 7.2 Gi LOW gghee cecstoe (oom Incretceraeetore 7.8 ial 
1430 8.2 Oe Om WW eereteaaieroth li mueheretsteners 7.8 14.4 


I. Estiffanula Bluff, Liberty Co. Cream burning bottom clay. Not worked. 
II. Campville, Alachua Co. Yellowish-brown burning brick clay. 
III. Blountstown, Calhoun Co. Red-burning brick clay. 
I-III from Fla. Geol. Sury., 15th Ann. Rept., 1924. 
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Frc. 108.—Dredging white clay near Edgar, Fla. (H. Ries, photo.) 
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Fic. 109.—Mining white Cretaceous clay near McIntyre, Ga. (H. Ries, photo.). 
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No clays suitable for vitrified brick appear to have been found in 
the State. The clay products are chiefly building brick, drain-tile, and 
red earthenware, 


REFERENCES ON FLORIDA CLAYS 


1. Bell, O. G., Preliminary Report on the Clays of Florida, Fla. Geol. Surv., 15th 
Ann. Rept., pp. 53-260, 1924. 
Contains complete bibliography of all preceding publications. 


GEORGIA ! 


This State is divisible geologically into three areas, namely: (1) A 
northwestern area, underlain by shales, limestones, and sandstones of 
Paleozoic age. (2) A broad central belt of Pre-Cambrian rocks, such 
as granites and gneisses. (8) A southern belt, in the coastal plain region, 
composed largely of unconsolidated sedimentary rocks of Cretaceous, 
Tertiary, and Pleistocene age. 


Pre-CAMBRIAN BELT 


This covers an area of about 12,000 square miles, and consists of 
granites, gneisses, schists, marbles, and in places pegmatite veins, of 
which the last should afford kaolin. Residual clays are abundant 
throughout the region, and the wash from them may form secondary 
deposits in the valleys. Face and common brick are made from these 
clays at a number of localities. 


PaLEozoic AREA 


This belt includes the counties of Polk, Floyd, Bartow, Gordon, 
Murray, Whitfield, Catoosa, Chattooga, Walker, and Dade. 

The rocks in this area range from Cambrian to Carboniferous inclu- 
sive. The shales are often calcareous, with the exception of the Car- 
boniferous ones. The residual clays derived from these formations are 
not all alike, are often of considerable extent and generally of ferruginous 
character. They are chiefly adapted to common and face-brick manu- 
facture, but there are local areas of bauxite and refractory clays near 
tome, which are well adapted to the manufacture of refractory products. 
The residuals from the limestones often contain chert nodules. 


1 Much recent information regarding the clays of this State has been supplied by 
Prof. S. W. McCallie, Dr. Henry, and Mr. R. W. Smith. 
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CoasTaL Puan REGION 


This region includes that portion of the State lying to the southeast 
of a line drawn through Augusta, Macon, and Columbus, and coinciding 
approximately with the fall line (Fig. 110). 

Within this area the formations range from Cretaceous to Pleistocene 
and carry clay deposits of variable character. 

Of these the most important are those of the Upper Cretaceous. 
These occur along the northern border of the Coastal Plain in a strip 
220 miles long, and forty to fifty miles wide, which is known as the 
Fall Line Hills. 
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Fra. 110.—Map of white sedimentary kaolin areas of Georgia. (U.S. Bur. Mines, 
Bull. 252, 1926.) 


The important deposits belong to the Middendorf formation of the 
Upper Cretaceous (C. W. Cooke), and are supposed to be of the same 
age as the fire-clays of New Jersey. 

The Upper Cretaceous deposits rest unconformably on the crystalline 
rocks, and are in turn overlain uncomformably by Eocene or later 
formations. 

The overburden of the clays ranges from 4 to 40 feet in thickness. 

“The Upper Cretaceous outerop and the adjoining area covered 
with thick overburden form an area of tw enty to thirty miles wide, 
which extends across the State in a southwest direction from Augusta to 
Columbus. Within this area the beds of sedimentary kaolin and bauxite 
lie near the surface and mining can be done at a low cost.” 
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The white clays and associated refractory ones occur as lenses which 
may vary in size from small ones only a few inches in thickness and an 
acre in extent, to others which are over 40 feet thick and may have 
an area of over a square mile. 

No less than six types of material are found, whose names and char- 
acters are as follows: 

1. Flint clays, of local importance, having a conchoidal fracture and 
developing little plasticity when finely ground. They show vractically 
no fire-shrinkage below cone 12 and deform at cones 31 to 33. Used to 
limited extent in refractories. 

2. Hard clays. Light cream to white in color, and burning buff or 
white. Fine grained, plastic and of good bonding strength, with 
deformation temperatures of cone 33 to 35. Occur as lenses, sometimes 
of considerable size, and offer a good material for refractories. Hard- 
ness due to free silicic acid (Ref. 9). 

3. Soft clays. Cream to light blue, firing cream to white. Of low 
bonding strength but good refractoriness. When used to extent of over 
30 per cent in plastic bodies they are liable to crack in drying but work 
satisfactorily in dry press bodies for floor- and wall-tile, and electric 
insulators. 

4. Semi-hard clays. These are most abundant. Cream to white 
color, and burn light buff to white. Very fine grained, plastic, good 
bonding strength, and deformation temperature of cone 33 to 35. With 
grog they mold readily, dry and burn safely. Used as paper and rubber 
fillers as well as for ceramic purposes. Some of the lenses cover more 
than 650 acres, and the thickness ranges from 10 to 40 feet, with a known 
maximum of 52 feet. 

5. Bauxitic clays. These have a 8iO2: Als : O3 ratio of 1.8: 0.8, 
but as this decreases the ease of slacking, plasticity and dry strength 
decrease. An oolitic or pisolitic structure may be present. The hard- 
ness is variable and refractoriness cone 35 to 38. They may be asso- 
ciated with bauxites or white clays and are well adapted to manufacture 
of refractories. 

6. Bauxite. The alumina content ranges from 52 to 61, and the 
material may grade into bauxitic clay. The refractoriness is cone 37 
to 40. The flint-clays and hard clays are well differentiated but all 
gradations may be found between hard and soft clays. 

Most of the clays are now being mined in Wilkinson and Twiggs 
counties, although there are also important developments in Taylor, 
Glascock and Richmond counties. 

It is probable that over 80 per cent of the white clay mined in both 
Wilkinson and Twiggs counties is washed. 
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There seems little doubt that the Cretaceous belt of Georgia contains 
extensive deposits of valuable clays, which will be widely used when a 
more uniform product is developed, and further experiments demon- 
strate their usefulness for different purposes. 


PuysicaL Tests or Grorais CRETACEOUS CLAYS 


Crude Cone O1 Cone 11 
Clay Water| Vol- | Dry- | Vol- Burn- Vol- D 
3 : efor- 
of ume ing ume | Poros-| ing | Color |. ume | Poros-| Color ti 
plas- |shrink-|behav-|shrink-| ity |behav-| No. |shrink-| ity iim Nee 
ticity | age ior age ior age Cone 
Gee aaiets 41.06| 24.83] good | 20.54} 35.75] good 3 40.05] 29.20 8 34 
GOR ZES Aetovanratess 31.76] 11.56) poor 13.83] 50.71] poor 1 25.40) 41.25 2 34 
Gis ae Oisneeustartveten: 38.50} 22.68] good 13.01} 41.37] good 2 38.01] 22.82 3 343 
GS "Gime cee 44.50] 24.97) fair 14.34! 43.47] poor 2 47.27| 12.65 3 34 
(CoM aean Beis 42.33] 28.19} good 14.46] 40.14| good 3 35.59| 16.37 6 34 
Gil Sieevaeacses 28.96] 14.21] poor 16.96} 50.20) poor 7 55.32] 24.00] 10 34 


All tests from U. 8. Bur. Mines, Bull. 252. Of the color numbers, 
No. 1 represents the best or whitest, and No. 10 the poorest, a decided 
brown. For explanation of sample numbers see next table, 


CuHEMICAL ANALYSES OF GEORGIA CRETACEOUS CLAYS 


| 
cee Tenition| sid2 | AleOs |Fe203| TiO2| P205| CaO | MgO] K20 |Na:0| 8 
G.1 Crude | 2.05 | 12.67 | 45.61] 36.15] 1.47| 0.77] 0.05 0.80| 0.30] 0.43] 0.00] 0.02 
G.1 Washed} 2.19 | 12.83 | 45.76} 36.04] 1.44] 1.36] .06/ .15| .36] .19| .00| 02 
G.2 Crude .59'| 19.62 | 31.79| 45.46] .66| 1.68; .07/ .11/ .17| .00] .00| .04 
G2. Washed| .46 | 19.09 | 32.35) 46.06] .54| 1.40.04) .14/ .02] 00] .11] 04 
G.5 Crude .98 | 12.73 | 45.78] 37.01| 1.11] 1.32|° .06| .35| .18] .75| .03| 06 
G.6 Crude | 1.09 | 13.27 | 45.74] 37.05] 1.41] 1.321 .08| .15| .10/ .00] 04] .05 
G.8 Crude | 1.33 | 12.40 | 47.67| 35.52] 1.26 1.28] .04| .25] .37| .16| .04] .08 
G.18 Crude .86 | 23.19 | 18.10} 47.85] 7.60] 2.08] .05/ .26| .29| .00] .00] .o2 
G. 14 Crude .46 | 25.41 | 14.42] 56.23] .96| 2.34, .01/ .31] .12] .00| .00] .06 


Ajl from U.S, Bur. Mines, Bull. 252. 


1. Hard clay; 2. Bauxite clay; 5. Soft clay; 6. Semi-hard clay; 8. Semi-hard clay; 18. Low 
grade bauxite high in iron; 14. Good grade bauxite. 


Clay-working industry.—In 1925 Georgia is said to have produced 
41 per cent of all the white clay mined in the United States. The clay 
products include common brick, face-brick, hollow building tile, sewer- 


pipe, flue-lining, wall-coping, red earthenware, fire-brick, architectural 
terra-cotta, etc. 
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REFERENCES ON GEORGIA CLAYS 
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Georgia Clays and Bauxites, Jour. Amer. Ceram. Soc., V, Bull. 1, p. 193, 1922. 
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ILLINOIS 


The clay- or shale-bearing formations of this State are the Ordovi- 
cian, Devonian, Mississippian, Pennsylvanian, Cretaceous, Tertiary, 
and Pleistocene. 


ORDOVICIAN 


So far as known this is of little importance, but the Cincinnati shale 
outcropping in Daviess and Boone counties, may prove of value for the 
manufacture of brick, hollow brick, and perhaps earthenware, since the 
same material has been successfully used in Iowa. 


DEVONIAN 


This formation in Illinois contains shales but they have not been 
utilized. 


MIssIssiIpPIAN 


The rocks of this age in Illinois are mostly limestones and sandstones, 
but a few shale deposits occur, and these have been worked at one 
locality. 
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PENNSYLVANIAN 


The Pennsylvanian formations underlie a large part of the State 
(Fig. 111). They consist of a series of coal beds, shales, sandstones and 
clays, those underlying the coal being sometimes of a refractory char- 
acter. 

The Pennsylvanian shales are worked at several localities for paving- 
brick, and structural clay products. There is usually an overburden of 
loess or glacial deposits and sometimes weathered shale. 

The refractory clays occur at the base of the Pennsylvanian, and 
outcrop along its border in the western part of the State. This fire-clay, 
which is regarded by some as the equivalent of the Cheltenham fire-clay 
of Missouri, extends from Rock Island County, south through Madison 
County, and is below the horizon of Coal No. 1 or No. 2, but in places 
the coal may be absent. South of Madison County the clay is not 
refractory. This clay is reported to be used in the manufacture of fire- 
brick, paving-brick, sewer-pipe and locally for stoneware, as in Greene 
County. Fire-clay is dug at Alsey, Scott County, in MacDonough 
County, and at several localities in La Salle County. In Grundy 
County there is a deposit of flint-clay in the coal measures, which is at 
least 30 feet thick. 

CRETACEOUS 


The Ripley formation extends northward from Tennessee, and forms 
a curved belt in southern Ihnois, varying from five to fifteen miles in 
width. Clays and sands are present, the former being worked for stone- 
ware (Ref. 4). 


"TERTIARY 


The Midway formation which is exposed in bluffs along the Ohio 
River carries fullers’ earth but no plastic clays of value (Ref. 4). 

In northwestern Union County there occur a group of basin-like 
deposits of Tertiary age, which contain an interesting series of clays 
that have been worked especially near Mountain Glen. The clays are 
white, to bluish white and pink, and highly plastic. They appear to be 
underlain by sand and overlain by sand and gravel. Small quantities 
of lignite are found in the bluish-white clay. Some of the deposits are 
30 to 50 feet thick but they appear to be of small areal extent. The type 
clay has high plasticity and drying shrinkage, with medium to low bond- 
ing strength, firing to a white to cream-colored body, and fusing at 
about cone 33. 

The clays have been used for bond clays in the manufacture of 
crucibles, abrasive wheels and miscellaneous refractories (Ref. 4, 7). 
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Fra. 111.—Map of Ilinois, showing distribution of geologic formations (After TIL. 
Geol. Surv., Bull. 4, 1907.) 
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PLEISTOCENE 


This forms a most abundant source of brick- and tile-clays in many 
parts of the State. Around Chicago these clays occur as lake deposits 


ANALYSES OF ILLINOIS FIRE-CLAYS 


I II Il IV V VI VII | VIII 
Silicandsi ©) peers 71.58] 64.88] 65.14) 55.96) 54.80} 56.28) 68.12) 58.06 
Alumina (Al,03)........] 18.31} 21.54} 21.53 29.47| 29.44) 26.68] 20.08) 26.57 
Ferric oxide (Fe.O3)....| 1.51} 1.86; 1.59) 1.57 1270) 3.24.7 276) 1-238 
Titanium oxide (TiOz)..| 1.40) 1 . 26| 1.60! 1.60) 0.82} 1.28) 1.16) 0.14 
Volatileme ecient ke 5.27| 6.83] 7.37] 8.25] 8.84) 10.28) 6.31) 9.84 
IMMONSGUBRDE soe og on ceo ote 14a) 2558) 62) eA 237 Lea Ol a2 
RO tale eter eet 99.48] 98.95] 98.85! 98.26! 97.97; 99.50) 98.62/100.46 
(Conerol Lust ontnay ener 28 28 29 31?;} 30+) 22+) 30 29+ 
ee Porous) Hard)|PRorous|Porousiesere eee eee ere 
RN En oa { buff | butt (it bettie butseee dene 
I. Potter’s clay, Round Knob, Massac County. 
Il. W. Kortie farm, Massac County. Ripley formation. 
we Clays from near Monmouth, used in stoneware manufacture. Coal measures. 
V. Utica Fire Brick Co., Utica, La Salle County. Coal measures. 
VI. Pioneer Fire Proofing Co., Ottawa, La Salle County. Coal measures. 
VII. Drake, Green County. Coal measures. 
VIII. Clay from fault fissure between St. Louis limestone and Mansfield sandstones. 
I-VIII. Bull. 4, Ill. State Geol. Sury., 1907. 
PuysicaL Tests or Some InnrNors CLays 
it II Il avs V VI 
Water of plasticity, per cent......... Sip 23 22 25.6) 18 14.9 
Modulus of rupture, pounds per square 
AILS ONeygerreeert 6 ack Obit o, dy a AN an 2 See 142 380 328 497 59.6] 103* 
Linear air shrinkage, per cent........ 5.6 5.0 §.0 9.3 3.6 io 
[eto EME HOMO Ooo acoacanccogavace She 2.0; 10.0 S216. 0 | eee 
Linear shrinkage at cone 9...........] 11.5 6.0 6.0 5.1 5.0 2.2 
Cloke ss OOM. We odanooockasocaavenac TAY || eeraiye | Cream Cream) aeeenereey ene 
COMO TWH. 5 ao aon acaunoc yack. 33 26 28 28 20 ee ees 


* Tensile strength. 


. Refractory clay, Union County. 

. Stoneware clay, Greene County. 

. Fire brick clay, Scott County. 

. Fire brick clay, La Salle County. 

. Flint clay, Grundy County. 

. Paving brick clay, Alton. 

I-V, Jour. Amer. Cer. Soc., Vol. v, p. 685, 1922. 


VI, III, Geol. Surv., Bull. 9. 
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of considerable extent, but they are highly calcareous and often pebbly. 
In other parts of the State the material used may be loess, boulder clay, 
or alluvial deposits bordering rivers. 


REFERENCES ON ILLINOIS CLAYS 
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The Ordovician, Silurian, Devonian, and Carboniferous contain 
extensive shale-deposits, but only the last have thus far proven of com- 
mercial value. 


ORDOVICIAN 


The Ordovician rocks outcrop only in the southeast corner of the 
State, and these are often covered by a thin drift layer. The only shales 
are the Hudson River, but these are too calcareous to use, and of no 
value even when weathered. 


SILURIAN 


The beds of this age underlie a large area in eastern and north cen- 
tral Indiana, but carry few shales, and these are of no value. 
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Fra. 112.—Carboniferous shale used for paving-brick. Galesburg, Ill. The excavat- 
ing is done with a steam-shovel. (Photo loaned by Ill. Geol. Sury.) 


Fra. 113.—View in Knobstone shale-pit, Crawfordsville, Ind. (After Blatchley, 
Ind. Dept. Geol. and Nat. Res., 29th Ann. Rept., 1895.) 
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DEVONIAN 


The Devonian beds underlie a great area, extending northwest and 
southeast through central part of State, but offer little promise to the 
clay-worker, as they are usually too bituminous. 


MISSISSIPPIAN OR LOWER CARBONIFEROUS 


The rocks of this age afford residual clays and shales. 

Residual clays.—Since a large part of the Mississippian area occurs 
in the driftless region, the residual clays derived from underlying lime- 
stone and sandstones are available, and occur at many points in Monroe, 
Lawrence, Orange, Harrison, and Floyd counties, as well as parts of the 
adjoining ones, so that they form the most important source of the 
brick- and tile-clays worked in these counties. 

Shales.—Those of the Knobstone formation (Fig. 114) are important 
and destined to become prominent in the future, although they have 
been neglected in the past. Indeed they are next to the coal-measure 
shales, the most important in the State. According to Blatchley (Ref. 
3) the Knobstone shale forms the surface-rock of a strip of territory 3 
to 38 miles wide on the eastern side of the Lower Carboniferous area, 
extending from the Ohio River southwest of New Albany in a west of 
north direction to a point a few miles south of Rensselaer, Jasper County. 

While the formation is often covered by a heavy mantle of drift, 
many excellent exposures have been formed by the cutting of the larger 
streams, as along the West White River near Martinsville; along Sugar 
Creek, above and below Crawfordville, and along Shawnee Creek south 
of Attica. Many additional outcrops have been found in other counties 
within the belt occupied by these shales. 

The Knobstone formation consists of blue-gray shales, shaly sand- 
stones, and sandstones, with rarely a little limestone. Nodules of sider- 
ite are not uncommon. 

These shales are utilized at New Albany for stiff-mud and dry-press 
brick; it is also possible that they could be used for sewer-pipe when 
admixed with some of the Carboniferous under-clays. 

Among the Chester shales, those belonging to the Sample, Elwren, 
Indian Springs, and other divisions of the Chester group, have been used 
for ceramic purposes (Ref. 5). They vary in quality and quantity. 


CARBONIFEROUS 


The rocks of this period carry the most valuable clay-deposits of the 
State, and cover an area of about 7500 square miles in fourteen counties 
of western and southwestern Indiana (Fig. 114). 


420 DISTRIBUTION OF CLAY IN THE UNITED STATES 


=p 1 


Lseoth Bena| 
| ' 


° 


SS 


2 
; Marion 


LEGEND |! 


ecg Coal 
Measures 


F—- Knobstone —3g| 
Shales 


Scale of Statute Miles 
ee 


0 10 20 : 40 


Longitude 7 from 86° Greenwich 
4 


Eta. 114.—Map. of Indiana, showing areal distribution of coal-measure shales and 
Knobstone shales. (Adapted from map compiled by Hopkins.) 
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They form part of a large basin, underlying western and southwestern 
Indiana and southern Illinois, so that those in Indiana are on the eastern 
edge, and therefore dip southwestward and westward. This being so, 
the lowest rocks of the section outcrop on the eastern and northeastern 
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Fic. 115.—Map of part of Indiana showing area (shaded) that may contain indian- 
aite. + ,known outcrop. (U.S. G.5S., Bull. 708.) 


edge of the area, while the higher lying ones outcrop farther westward. 
The Carboniferous rocks consist of a lower member, the Mansfield 
sandstone, and an upper member, the coal-measures. 
Indianaite.—At the base of the Mansfield sandstone near its contact 
with the Chester shales of the Mississippian, which underlie it uncon- 
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formably, there is a deposit of white clay which was called Indianaite 
by Cox in 1874 % and has also been referred to as kaolin, halloysite, and 
allophane. The best-known deposit is at Huron, Lawrence County, 
but it has been found in a number of other localities (Fig. 115). The 
material whose thickness is variable, from perhaps 4 to 11 feet, is at 
times massive, waxy and lustrous, at others earthy, and may also con- 
tain druses lined with a hyaline mineral. Some of the waxy variety 
shows a blue color when moist, but which fades out on drying. Iron 
and manganese stains are occasionally present, and on the outcrop 
the clay usually shows a mahogany color. 


Frag. 116.—Indianaite overlying sandstone and vein of indianaite extending into the 
sandstone in Gardner mine, near Huron, Ind. (After Logan, U.S. Geol. Suryv., 
Bull. 708.) 


Scattered through the clay are angular fragments of Mansfield sand- 
stone, and in some instances bands of the clay traverse the sandstone at 
right angles to the bedding (Fig. 116), or even permeate it in indefinite 
streaks. 

Under the microscope the waxy clay shows large flakes of isotropic 
material, and numerous spherulite-like grains, which exhibit the inter- 
ference colors of kaolinite. Rutile in very minute grains is abundant. 
The earthy variety shows radiating bunches and spherulites of a 
hydromica, possibly sericite, and also kaolinite. The hyaline material 
referred to above has a composition closely resembling schroetterite. 

There has been much discussion regarding the origin of this kaohn, 
and while several theories have been advanced to explain its origin, 


all acknowledge its residual character, and that of the inclosing rocks, 
as sedimentary. 


‘Cox, E. T., Porcelain, tile and potters clays, Ind. Geol. Surv., 8th, 9th and 10th 
Ann. Repts. 
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Hi. T. Cox! argued that the kaolin occupied the position of a lime- 
stone bed, and that carbonated waters, acting on the latter, replaced the 
limestone with kaolinite. Thompson ? seconded this theory, but added 
the belief that the surface-water had leached the alumina and silica 
from the overlying sandstones. 

Lesquereaux, on the other hand, believed that the kaolin was formed 
by the burning-out of coal-beds, a view in which Ashley concurred. 

It seems to the author that there are certain marked objections to the 
latter theory. The burning-out of the coal would probably produce 
sufficient heat to cause some dehydration of the kaolin, whereas there is 


Sandstone roof 


fo) 1 2 3 4 FEET 


Fig. 117.—Section along north side of second cross entry on east side of tunnel, in 
Gardner mine, near Huron, Ind. a. Sandstone; 6. milk-white clay; c. waxy clay; 
d. clay that shows banded structure. (From sketch made by author.) 


no evidence of this. In just what way the kaolin resembles baked 
fire-clay is not mentioned. 

It is not necessary to suppose any complex chemical reactions in 
order to derive kaolin from limestone. A calcareous rock, containing 
aluminous matter very low in impurities, might easily yield a mass of 
kaolin by simple leaching, and residual limestone clays of rather high 
purity are known in Missouri and also Virginia. 

More recently Logan has suggested that the clay is the result of 
replacement of the quartz pebbles of the Mansfield sandstone by 
aluminum sulphate, the latter being formed by bacterial action frum the 
Chester shale (Ref. 4). The author is in thorough agreement with him 


1Sixth Ann. Rept. Geol. Sury. of Ind., 1874, p. 15. 
2 Ind. Dept. Geol. and Nat. Hist., 15th Ann. Rept., p. 37, 1886. 
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so far as the replacement theory is concerned, but finds it difficult to 
accept the bacterial theory (Ref. 6). 

Coal-measure clays and shales——The Coal-measures include a 
series of coals, clays, shales, and sandstones (Tig. 118), and are found in 
a number of counties in the southwestern part of the State (Fig. 114). 

Ashley ! has divided them vertically into eight divisions designated 
by Roman numerals, these divisions being based on the position of some 
principal coal-beds or horizons, the type section occurring in Clay and 
Vigo counties. The Mansfield sandstone found in general along the east- 
ern edge of the coal-field forms division I, and the main-worked coals, 
clays, and shales occur above it stratigraphicaily. 

A part of a typical vertical section showing the arrangement of the 
different strata of the coal-measures and their relation to each other 
is given by Blatchley (Ref. 3) as follows: 


Feet Inches 


[Solna ncisurts ce-claijauae ee nanener kena 5 2 
2. Sandstone, massive or shelly........... 2 8 
Sable compact shal eee eT ste 27 0 
AX Coal. VL Speen een ee eee 4 10 
Da IRE=ClAY >. ces < CO ae ee 6 2 
IDEN oy Subeeoe SONS, 5 sana co coos aso - els 0 
(a Maimes tone ys ecm oar ee eee 3 8 
8) Black bituminous’shales. 2.2522 eee 2 + 
9 Goal’ Vib ie Ae Bie eee eer eee 0 8 
LOS .tire-claiyaee syne haa ee re on eae ee 5 6 
Lieu Sandstoness. se ce: eer eee eee 18 0 
(2's Dark=orey shaleqee 1 ie ee nee 11 2 
I13c-Coal: Vil Seance ce ene eee 6 3 
14. Hard impure bluish fire-clay........... 11 0 
15; 2 Sandstoneeeaerenn hese. ar ee 21 0 
G@E BlveRimestone 11 0 
17. Black slaty bituminous shale. ......... 5 4 
TS ee Coals ore aractieante 2 hee re 5 2 
LO." Hite-clayees -.cu vey sae myn he. nee eee 4 8 


The fire-clays (Nos. 5, 10, 14, and 19) are almost universal accompa- 
niments of the overlying coal-seams. They are usually 1 to 6 feet 
thick, and are a soft homogenous clay, whitish or gray in color, highly 
plastic, and often of excellent refractoriness. At times, however, these 

Pe S| cap S > ae : 
under-clays are composed of a hard, bluish, siliceous clay with more or 
less pyrite and other impurities. 

No. 14 is of this character, and similar clays usually occur beneath 
Cc Q € Ty ay 7 € a] 

oals III and \ but those below coals II, IV, VI, and VIII are often 
of excellent quality. 


1Ind. Dept. Geol. and Nat. Res., 23d Ann. Rept., 1899. 
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The blue, gray, and drab shales (Nos. 3, 6, and 12) make up the 
greater part of the 
Coal-measure rocks of 
Indiana, and include f___—i|_[ Pritt yelay\ » 


_ Y 
the most valuable Pp sr 
. . ot 
clay-deposits found in 


the State. When 

freshly exposed they 

are usually hard, but See 

weather down easily Section Near Glen Mine, East D3 Coal Bluff = Uuderciay 

toa plastic clay. . Soil and surface Ey aay a 
. Potters: clay___ 4 

The relations of 

the shales, clays, and 

coal are such that the 

three can often be 

mined by one shaft. 


Sandy shale 
10’ 


Gray 
sandstone 


m be ee 
Bare Rt Sennen wre 
conconnoocooooaceo 


The Coal-measure . Drab clayey stile 

py COBL Y.-H 8 oe same 2 

clays and shales are . Underlay... im 
ry Coal lVoe a Soa eee 4 

worked for a variety Under-clay.._..------. 5+ 


of purposes, including 

pressed- and paving- 

brick, fireproofing, Fic. 118.—Section near Glen Mine, Coal Bluff, Ind., 

sewer-pipe, stoneware showing association of coals, under-clays, etc. (After 

Blatchley, Ind. Dept. Geol. and Nat. Res., 29th Ann. 
Rept., p. 183, 1905.) 


== Under-clay 
= 5 


and fire-brick. 
At Brazil, Clay 
County, which is a most important clay-working center, the following 


section is instructive: 
Feet Inches 


ae sotlancieyellowacl avant eire attire 12 0 
Dee Bow ldersclavai levers tier :-tateret- ot ete 7 0 
Bs (Git GEN ENGI. oaangaepoddsnodoh ood 33 0 
Ab COLCA NE 4 atten Ocoee DMR ROS co 0:00 2 3 
5. Under-clay (potters’ clay).............. 3 D 
6o6 Bluerelayeyashale sem ct. «+ <l-\1- cimenes 19 0 
7. Bituminous fossil shale......-.....09.4- 1 6 
See Cosel Vine ciy cence tears oie ec 20s ae eee 3 6 
On Wincden=clanvemmactes te: co. eo ee 5 4 


No. 9 and an overlying shale are used for sewer-pipe, flue-linings, 
wall-coping, ete. No. 3 is also used for a variety of purposes. 

Logan (Ref. 5) states that a large number of the thirty-five coal-beds 
found in the State have associated fire-clays. Those under the coals 
known as Upper Block, Minshall, III, Ila and V, are used extensively 
for ceramic purposes. 
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PLEISTOCENE CLAYS 


These are soft, plastic clays, found at the surface or at no great 
distance below it, and, while occurring over a large part of the State, they 
are especially important in the northwestern part of Indiana, and on 
this account have been made the subject of a special report. (Ref. 1.) 

In this region three clases are distinguishable, namely, drift-clays 
or “ hard-pans,” alluvial clays, and silty or marly clays. 

The drift-clays are the most common type, forming a large percentage 
of the unstratified morainic material, but they are usually too impure 
and calcareous for making anything but common brick and tile. 

The alluvial clays form larger deposits along the lowlands and second 
bottoms of the large streams of northwestern Indiana, having been 
formed during periods of overflow, and in some places showing a thickness 
of 30 to 90 feet. 

The silty or marly clays resemble those of the preceding class very 
closely, but differ in having been deposited in bays, lakes, or harbors 
in quiet water. These clays are usually finer grained than the alluvial 
ones, thinly laminated, and often highly calcareous, so that they produce 
a buff product. They are an important source of brick and tile material 
in Benton, Newton, Jasper, Starke, Lake, Porter, Laporte, and St. 
Joseph counties. 

In other parts of the State there are many scattered deposits of 
surface-clays used for brick and tile, while south of the terminal moraine 
in southwestern Indiana there are many deposits of loess which are 
available for the same purpose. 

The analyses on pp. 427 and 428 are given by Blatchley (Ref. 3) 
as representative of the different types of Indiana clays and shales. 


REFERENCES ON INDIANA CLAYS 
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ANALYSES OF INDIANA CLAys 
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I Tl Til IV Vv VI 
Sila, (GO as Sree Geena inne ee 59.77 | 58.83 | 65.78 | 67.65 | 55.09 | 83.44 
BriumnimnaCATsOs)'. 2.2. .1...0.2.4..) 20.60 | 22.84 | 14.79 | 19.97 | 20.761 10:36 
Ferric oxide (Fe203)............ 2.22 HU |] SOEs || 0), SOOM OMA a 
Rlerrous) oxide (HeO),....5...... 3.70 AAS a ae Vee | ae ee AO ORS 
Sime n CHAO). awk oe Plea ee. 28 0.64 0.49 0.54 0.48 ml 0.36 
Miapnesia (MirO)e oc see so. ILS Wf Lefer || ae |) Os || TS || @ 4 
BaDtasie (sO) se mer ay bec. kore 3.10 4.18 2.82 ile 2.36 0.038 
SOs ENERO) Rees 4 eee 0.85 0.63 0.97 2.29 0.34 0.71 
Batamic acid. (TIOs). ec. ccc» 0.80) 0.70) 1.00) 1.01 | deo 1.29 
Carbon dioxide (CO2), etc....... ORG 02 rare 0.26 CRO Batlle Sede od fe ae 
WVateta el o@)) coi her orl x Me Sonne a's 4.53 2 4.98 5.96 7.01 3.15 
VII Vill 1X x XI XII 
SINIGEN(STO)) Sa aie ee ae 69.23 | 65.25 | 59.64 | 638.88 | 70.60 | 66.11 
ummnanCAlsOg)so see eels. OF je leo0) | 19 14a ie shal 13280513878 
erric’oxide (FesO3).........-.. eo Zo) | 33,839) Hoes || OAs || by ais 
ierrous oxide (FeO)............ ORIEN | Stan cones BAD eo be 6 oe S200 ME gate 
inmes(@a@)e a. eis eer oe lax: 0.12 0.50 0.26 0.38 0.60 1.67 
IMaconesia, (MeO)... .2.. 552+ 5-5- OFS6 a enO2208 25315 ele ial OnsOnmla 7s 
Painslit (iG Oe s Seite ne te eee DOE | WIS | Bo | BLOB Oe |) all 
SOCAN AO) A eee eee G8) | OLSEN TORO} We |) Gio) ib as 
Maiamicracid: (LiOs)...........4- 1 Oa eee: LOS |) OG || On [ow cacs 
Garbon dioxide (COz), ete.......|......- HOH OER, cco cas Ceo Ae eon 
Mareril@O)csss....0.tere en. 5.46 | 5.40] 4.36] 4.99| 3.19] 6.34 
XIII XIV XV XVI XVII 
Shilioay. (SHOR) SS 6 aeeiee ne ions oe “1.20 72.56 50.56 50.47 44.75 
MmmmanCAls@z)csseeseees.-2- (| 18.56 10.44 Seal DPARTOLE 38.69 
erricoxide (HesO3)....4...-.-- 1.34 7.45 2.98 2.44 0.95 
Herrous oxide) (HeQ)\............. (0), iN) 0.43 QEOe EO mn leecpewet ee, ae 
Line: (CROWS Be ene eee ee eee 0.14 0.82 ast 8.17 0.37 
Miiomesia(MigO))s  j2ne2e5..265: 0.52 1.09 5.06 o. 22 0.30 
HO Gaslig (oO) ewe eee iach’ 0.32 2.05 Bs 3.70 @ 12 
StoGlsy, CNGAK OSs ee eakee ey oe 1.26 0.73 0.70 (O73 (0), 2 
Blibamicracids (IOs)... 242.2: 0.88 0.31 1.00 PAS | eek os case 
Warbonsdioxides(©O5) etc... | ssscaiers lasses r 9.62 OLS ("|e a heres 
Beer NCE) ae 8e eee kee 6.30 4.54 Due mimpee 141517 
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RaTIONAL ANALYSES OF THE PRECEDING 


I Il Ill IV Vv 
Quar tain ee eee eee 26.04 22.81 34.34 28.29 20.90 
Feldspathic detritus........ 8.37 8.30 12.58 34.77 2.03 
Ferrous carbonate.......... DARCY Gide Cesar tia he acres ea leesice a on 2 6.46 
Magnesium cat boma terre ei) tert ere ye rier trl 0.250 \Si See ere i ils 
Clay, sulbstamCe ree eerie 63.22 58.89 52.58 36.94 69.48 
VI VIL Ix x XI 
(QiEhab Ae ae no Soe S Nese eo o 46.33 39.36 25.50 17.93 56.65 
Feldspathic detritus........ 39.28 1.67 6.86 42.03 16.63 
Ferrous carbonates... .s oe ere rene ee ore ae etek le eee ek | eee 1.07 
MEINE TUN CAHOON 060.00 ol) 00encocaljoosecsnes OL07 0 |eee eee 0.08 
Clayjsubstances-e een 14.39 58.37 66.90 40.04 25.57 


LOCALITIES OF THE PRECEDING 


No. Location Geological Age 


I | Mecca, Mecca Coal and Mining Company. ) 
II | Mecca, Mecca Coal and Mining Company. } | Carboniferous shale 
III | Cayuga, Cayuga Brick and Coal Company. / 
IV | Mecca, Mecca Coal and Mining Company. 
V | Cayuga, Cayuga Brick and Coal Company. 
VI | W. Montezuma, Burns & Hancock........ ~| Coal-measures under-clay 
VII | Huntingburg, Bockting Bros 


WADE |) letunanmbeyedoyunre, (Cl, WEN soos cane anene soe 
TX sy Blue Wlack 6 ace eee ee ) 
XP ieNew Albanyctcn gar erere tn eee eee eee - | Knobstone shale 
XI | Martinsville, Branch & Sons.............- 
ALT ULerre: Hautescn cach cat enero eens Alluvial 
SIT) | Prince toni ayrs scene al eee eee ae Surface Loess 
XIV | Four miles south of Bloomington........... Residual 
AV, | Hobart. 5 sc5)« ces Seine aerate eee eee lle soit 
XVI || Michigan... 1.4) eee see eee yey Eapleioeens 
XVII | Indianaite, Huron, Dr. Gardner............ Residual 


IOWA 


Every great rock formation of Iowa, except one, the Sioux quartzite 
contains more or less important clay- or shale-deposits, but the different 
ones represent a wide range of structural characters and physical or 
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chemical properties, these variations occurring sometimes within the 
same formation. 

Iowa does not possess any strictly first grade refractory clays in com- 
mercial quantities. ‘Those of the underclay type seldom reach cone 25 
fusion-point, and the more refractory ones lack in plasticity. Lack of 
uniformity in thickness and constitution is another drawback. 
The few deposits meriting attention are certain Pennsylvanian clays 
in Henry and Lee counties of southeastern Iowa, the gritty Carboniferous 
under-clays of Boone and Webster counties, and the white Niagara ° 
clays of Jackson and Clinton counties. 


CAMBRIAN 


Saint Croix sandstone.—This carries a few shale-beds which outcrop 
in portions of Allamakee and Clayton counties, but nothing is known 
regarding their economic value. 


ORDOVICIAN 


Galena-Trenton.—Although essentially a limestone formation, this 
nevertheless contains a few beds of shale, which may be adaptable to 
pottery manufacture. The best exposure is on Silver Creek, Makee 
township, Allamakee County. Concretions and fossils are apt to render 
this shale worthless. 

Maquoketa shale.—This, the oldest shale formation of importance 
in the State, forms a narrow, sinuous band from Jackson County on 
the south to Winneshiek and Howard counties. The shale is divisible 
into two groups, the upper consisting of a plastic clay, with occasional 
limestone layers, while the lower is of lean fissile shales, with some earthy, 
fossiliferous beds. They are mostly red-burning, but may at times 
be quite calcareous, and though their chief use is for common brick, 
they have also given excellent results for earthenware manufacture 
and hollow brick. 


SILURIAN 


The beds of this system are practically devoid of shale-deposits. 


DEVONIAN 


The lower argillaceous beds, known as the Independence formation, 
outcrop in limited measure in Cedar, Linn, and Buchanan counties, but 


are of no economic importance. 
The upper shales, which are typically developed along Lime Creek 
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Fig. 120.—Carboniferous shale for paving-blocks near Veedersburg, Ind. (After 
Blatchley, 29th Ann. Rep., Ind. Dept. Geol. and Nat. Res., p. 80.) 


Fria. 121.—Cretaceous shale, Sioux City, Ia. (After Williams, Ia. Geol. Surv., 
XIV, p. 518, 1904.) 
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in Cerro Gordo and Floyd counties, and at Rockford and Mason City 
are of much greater value. Owing to a variable lime-content the clays 
burn either light red or cream, but in either case have yielded good 
results in the manufacture of common and hollow brick and drain-tile. 
The shales are too fusible to take a salt-glaze. 


CARBONIFEROUS 


Practically all of the great formations of the Carboniferous contain 
clays of importance, but those of the Kinderhook and Coal-measures are 
especially important. According to Beyer and Williams, ‘ Rocks refer- 
able to the Carboniferous comprise the indurated rocks over nearly one- 
half of the surface of the State. The system may be divided into two 
parts: (1) the Lower Carboniferous beds, which are prevailingly cal- 
careous in character, and (2) the Upper Carboniferous, in which arena- 
ceous and argillaceous deposits predominate, with important limestone 
bands in the upper portion. The latter division contains all of the work- 
able coal in the State. On account of the abundance of raw material 
suitable for the manufacture of clay wares and cheap fuel, the Upper 
Carboniferous or Coal-measures constitute the most important formation 
to the clay-worker in the State. 

“The Lower Carboniferous comprises a belt averaging from thirty 
to forty miles in width, and extending diagonally across the State from 
Kossuth and Winnebago counties on the north to Des Moines and Lee 
counties on the south. Narrow strips have been laid bare by the lower 
courses of the Skunk and Des Moines rivers, and unimportant detached 
areas appear in Story and Webster counties. Three stages represent 
the Lower Carboniferous in Iowa, namely, the Kinderhook, Augusta, 
and Saint Louis.” 

Kinderhook.—The shales of this formation are specially prominent 
in Des Moines and Lee counties; they are red- or brown-burning and 
used for common brick. 

Augusta.—These shales are of little importance except in Lee County, 
and even there are rather calcareous. 


CoOAL-MEASURES 


The rocks of this age cover nearly one-third of the State and carry 
a great range of argillaceous beds grouped as (1) argillaceous, (2) arena- 
ceous, (3) carbonaceous or bituminous, and (4) calcareous varieties. 
These grade into each other both vertically and horizontally. Although 
the coal-measures are present in ninety-nine counties of the State, the 
clay-shales are utilized for making clay-products in but sixteen. The 
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argillaceous shales are often found underlying the coal-seams, and 
are not uncommonly of refractory character, but the calcareous ones 
contain too much limey matter to be of great value. Those beds of 
the Coal-measures prominent along the Des Moines River contain 
argillaceous, bituminous, and arenaceous shales, while in the beds 
most promiment along the Missouri River the calcareous members are 
more prominent. . 

It is difficult to generalize regarding the clays of this series, but at 
any one point it is not uncommon to find several grades of clay ranging 
from common brick-clay to fire-clay in the same section. The shales are 
worked at a number of points, among which Van Meter, Dallas County; 
Des Moines, Polk County; Ottumwa, Wapello County; and Fort Dodge, 
Wapello County, may be mentioned. The clays are worked either as 
open pits or underground mining and the products include common and 
pressed-brick, paving-brick, hollow blocks, drain-tile, stoneware, and 
fire-bricks. Analyses of these are given on a later page. 


CRETACEOUS 


The Cretaceous of Iowa consists of a lower sandstone and shale 
series, the Dakota, and an upper series of interbedded sandstones, 
shales, and marly limestones. These rocks cover approximately the 
northwestern third of the State, shale-beds of this age being known in 
Sioux (Fig. 121), Plymouth, Woodbury, Sac, Calhoun, and Montgomery 
counties. 

The shales show about the same textural and chemical range as the 
Carboniferous ones, but on the whole are more siliceous. 

At Red Oak, Montgomery County, both white stoneware and fire- 
brick are made, and it has been suggested that washing might render the 
clay available for glass-pot manufacture. Other products from these 
shales are paving and common brick. 


PLEISTOCENE 


Covering all of the State, with the exception of a small area in the 
northeastern corner, is a thick mantle of glacial deposits which range 
in thickness from zero up to three or four hundred feet. The glacial 
drift is composed of a heterogeneous mass of bowlder beds, gravel, and 
sand-deposits, and more rarely beds of clay, which, owing to a natural 
washing process which they have undergone, are sufficiently plastic to 
be molded into clay wares. They often suffer, however, from the pres- 
ence of lime pebbles or stones, and even if free from these are still unsatis- 
factory because of their high shrinkage, which causes a loss due to check- 
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Fra. 122.—Loess-bank, Muscatine, Ia. (After Williams, Ia. Geol. Surv., XIV, 1904.) 


Fie. 123—Bank of (Devonian) shale used for paving-brick, Cumberland, Md. 
(After H. Ries, Md. Geol. Sury., IV, p. 454, 1902.) 
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ing in drying and burning. A few of the drift-sheets, however, contain 
clays of satisfactory character for brick manufacture. 

Loess.— Associated with the drift-sheets and of far greater economic 
importance are the massive structureless deposits of loess. (Fig. 122.) 
These consist of clays or clayey silts, which form a mantle over about 
two-thirds of the area of the State, affording an inexhaustible supply 
of brick material. 

This occurs beyond the borders of the drift-sheets and even over- 
lapping them. It covers more than one-half the surface of the State 
and shows great irregularity in thickness, being over one hundred feet 
thick along the Missouri River. It affords an exhaustless supply of 
material suitable for the manufacture of brick by the soft-mud, stiff- 
mud, or dry-press process, and moreover is a very cheap clay to work. 

Of the several types of loess recognized in the State, the “‘ gumbo ” 
is noteworthy. Thisis a thoroughly oxidized and leached red clay which 
on drying breaks up into a number of angular fragments. In the 
southern part of the State the gumbo is gray or drab in color. Its 
peculiarity is its excessive shrinkage which precludes its use for the 
manufacture of brick, but makes it admirably adapted to the manufac- 
ture of burned-clay ballast. 

The chemical composition of a number of representative Iowa clays 
and shales is given in the table on pp. 485 and 436. 


ANALYSES OF Iowa Cuays 


ULTIMATE ANALYSES 


I II TT TV V VI VII } VIII 

Silican(SiO)>) a werner ac 67.50) 61.59)" 73.43) 63.78) 58.56) 75.85) 58.05! 77.39 
Alumina (Al,O;)....... 1S), 775), Pal OI) We) GIG AS] SPA SEI) TO. 73) PEO) 5 1S 
Ferric oxide (He.O3)....| 4.80) 4.79) 3.83) 5.75) 2.87! 1.43! 3.83) 2.40 
irra (CHO, So oeocacae QE OS | LOO odie O0 in OO OFSO\emes 65 
Magnesia (MgQO)....... iL el) PAG) ONE) LB) iL. OA) | Ba 
oracle (KG ©) ees O.85|) 0252) 0.05) O54) 0729) 0224 0290) 1744 
SodanCNar@) erie LO) LS) OOS) 120) OS) OG) PO) re) 
Comb. water (H2O)..... BO) wai eles) DO 7 lal SHY SAN) aL A 
Carbon dioxide (COz)...| with |...... O90) wratelas |) Saanelay || Aiatles eo cos cle ecooc 

moist. moist.| moist.| moist. 
Sulphur trioxide (SO3)..| with 0.95} 1.65) with | with | with 0.86} 1.44 

moist. moist.| moist.| moist. 
IMIGIEDIRD, Goo obaconomes 2.88) 0.42) 0.63) 38.88) 2.98) 3.18] 0.96) 0.13 
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ANALyses oF Iowa Cuays (continued) 


ULTIMATE ANALYSES 


TX x vale || Saal | SOnIh|| SAN] BAY |) Say 
Sitios; (Sh) pasacoccce 58.33] 47.40] 28.82] 66.44] 51.95) 44.39] 68.22) 67.92 
Alumina (Al,O;)........| 15.54] 22.20) 10.37) 12.64) 18.34) 13.72 10220112 76 
Ferric oxide (Fe,O:)....| 3.84] 12.40) 3.76) 4.00) 7.56 7.80| 2.87} 6.72 
limen(€a©) eee 9.42| 0.70) 19.14) 4.02) 4.14) 7.88] 3.90) 1.63 
Magnesia (MgO)....... 3.03] 1.10) 5.40) 1.80) 3.26] 6.05) 3.16; 1.18 
Potashe(ke ©) Beet 119} 3810) 5.88) 1214) ale 4st 1 5G S0ros tes A 
Sod am (Nap ©) eee 1.76] 0.50) 7.41) 1.90) 2.69) 5.29) 1.68) 1.92 
Comb. water (H20)..... 3.47| 7.90) 16.24) 5383) 7289) 12°18) £252) 95-36 
Cid nein Gitopel (CO) ooo) FEOF) oc oascllocdsosllessocsllncaacs|iss-25- 280 | eee 
Sulphur trioxide (SO3)..} 1.10) 2.40) 3.01)...... PIRTAS bas a Senses 1345 
Moisture mprerer tease tte 0742) 2510) 0.43) 2533) 0742) 30289) 0262) iea9 
LocALITIES OF THE PRECEDING 
No. Locality Geological age Uses 
I} Flint Brick Co., Des Moines... ..| Coal-measures} Paving- and building-brick 
II | Iowa Brick Co., Des Moines... ..] Coal-measures| Paving-brick, builders, and 
hollow ware, bottom 
IIL | Iowa Brick Co., Des Moines... ..| Coal-measures| Ditto, top 
IV | Flint Brick Co., Des Moines... ..} Coal-measures, Paving-brick; green-brick 
mixture 
V| Capital City Brick Co., Des 
IMOINGSHe cise Sete eee Coal-measures| Brick and tile 
VI| J. Holman, Sargent’s Bluff...... Cretaceous Common, face, paving- 
brick, sidewalk brick 
Vil) Corey Pr. Br. Co., Lehigh....... Coal-measures| Pressed face brick and or- 
namentals 
VIII | Granite Br. Co., Cascade........| Kinderhook | Common and paving-brick 
IX | Cream City B. & T. Co., Rockford) Devonian Brick and tile 
X | Boone Br. & T. Co., Boone... .. .| Coal-measures} Paying, hollow ware, com- 
mon brick 
XT sG@lermion teen teat ae eee Maquoketa Brick and tile 
GUL SHOE WANES 5 ooaceoooose eden ae Drift Drain-tile 
SINE || Mitastorn CHiN, ooo nn asceocundnaas Devonian Brick and tile 
DIN || Ieee KONG. ScooGoncaocasee ce Maquoketa Brick and tile 
XeV a Councils utter Loess (Mo.) | Soft-mud, stiff-mud, and 
pressed brick 
XVI} Gladbrook 


Inland Loess 


Pressed. brick 


These analyses are all from Vol. XIV, Ia. Geol. Sury., and have been kindly selected as repre- 
sentative by Professor I. A. Williams. 
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KANSAS 


This State probably contains an abundance of clays of low and 
medium grade, but they have not as yet been systematically investigated. 
The formations yielding them are Carboniferous, Permian, Triassic, 
Cretaceous, Tertiary, and Pleistocene age. 


CARBONIFEROUS 


The Coal-measures underlie a rather extensive area in eastern Kansas, 
and consist of alternating strata of limestones, shales, and sandstones, 
with occasional coals. These beds dip gently to the westward, so that 
any one bed passes under the overlying ones if traced in that direction. 

The shales of this series are mostly red-burning and at different 
localities have been found adapted to the manufacture of common 
and pressed brick, drain-tile, vitrified brick, and more recently even for 
roofing-tile and stoneware. They were first worked at Atchison in 
1887, but since then factories have been opened up at Topeka, Pittsburg, 
Chanute, Coffeeville, etc. Those at Cherryvale are found immediately 
underlying the Independence limestone, while the beds worked at Iola 
overlie the Iola limestone. At Lawrence the beds utilized occupy a 
position near the middle of the Lawrence shales and right under the 
Oread limestone. 

The Coal-measure shales of southeastern Kansas are ideally located, 
because of the supply of natural-gas fuel. The Permian outcrops to 
the west of the Coal-measures being found particularly in the Flint Hills 
area, and Haworth states that the shales are purer than those of the 
coal-measures. 


TRIASSIC 


These occur in abundance, as at near Kingman, and Prosser states 
that they have been used for paint. 
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CRETACEOUS 


The Dakota shales are well exposed near Salina, Dickinson County, 
but so far as known have not been utilized to any extent. 


PLEISTOCENE 


The surface-clays are widely distributed over Kansas, but are chiefly 
important in the eastern portion. The gumbo clay, dug in many of the 
river valleys, has been burned in large quantities for railroad ballast. 


REFERENCES ON KANSAS CLAYS 
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KENTUCKY 


Clays or shales of value for the manufacture of clay products are 
found in the Silurian, Mississippian, Pennsylvanian, Tertiary, and 
Pleistocene formations. In addition there are also residual clays derived 
from a number of the foregoing. 


SILURIAN 


This carries two shale formations, the Lulbegrud and Estill. The 
Lulbegrud shale, which outcrops in the Bluegrass region, is a smooth 
shale that weathers to a very plastic clay. It is usually not more than 
15 feet thick, but should make good brick and drain-tile. The Estill 
shale is a bluish-gray smooth shale up to 100 feet thick, which overlies 
the former. It is suitable for brick and tile manufacture. Excellent 
exposures occur around Irvine. Both shales may be gypsiferous. 


MIsSISSIPPIAN 


The New Providence shale occupies a curved belt extending from 
Jefferson County southward and eastward through Taylor and Lincoln 
counties, and then northeastward to Greenup County. It is a soft, 
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usually greenish shale weathering to a plastic clay, and the fresh shale 


grinds up readily to a plastic mass. 


It varies from 75-100 feet in thick- 


ness and is the most widely utilized shale in Kentucky. The products 
made from it include common and pressed brick, paving-brick, hollow 
blocks, and common red earthenware. 


30 ft 


Tioptte 


0 olo° 


@o[oolo o[oo]|o elo Slool[oolecs 


Big Clifty Sandstone 


12 ft. 


ools efoofooleoo] cofoel[eofoo 


Fic. 124.—Section showing occurrence of Mississippian clays in Kentucky. 
(After Gardner, Ky. Geol. Sury., Bull. 6, 1905.) 


The Rosewood shale which overlies the preceding is not quite as good 
but could be used for brick and hollow blocks. 
shales also of the Mississippian outcrop around the eastern border of the 


ANALYSES OF MISSISSIPPIAN CLAYS 


The Buffalo Wallow 


I II Iil IV 
SiGe (SNOW 4 ganssas sama seeeaee 54.07 48.09 44.16 43.64 
ANionaarines (ONO oocbe oa toncsee os be 22.60 34.66 Bil au! 34.57 
Kerrie oxide) (He,O3)).,......-....- 5.04 18 1.28 280i 
Heinren (CaO))harmtee: ties ease ke voc sees 28 Bal 125 .99 
Mbp gamesner (MUON. cog cacogsucdeoas 50 .23 sles .10 
He @pachin (Ks ©) eesegseicie seehetemers ue oe \ if nf) . 

: Oe 81 
“ata EES) eee eet 30 J aE . 
ehicamicracida@liOg\ eres. sar sepa .93 25 tr. tine 
Sulphur trioxide (SO3)............ TAMA erciecincee .3l 53 
LOSS CM WSAMMNOM. 5.04 qodnanseonaee ” 6.86 12.68 14.60 15.66 
INIGISHUIR Ss 64 aec. goo ucon odo comarca 4.62 2.39 2.82 DTA 

MING) Hepes mrces, 2, Serewesce i tatis lie tt aietaneye ts 99.78 100.39 101.29 101.02 


I. Plastie clay, J. B. Isaac place, 4 mi. S. H. of Bonnieville. 


I-IV, from Bull. 6, Ky. Geol. Surv., 1905. 


. “Kaolin,’”’ P. Moss place, Bonnieville, Hart Co. 
. Kaolin,” 5 mi. 8S. E. of Bonnieville. 
. “Kaolin,’’ Hibernia, Vaylor Co. 


western coal field, but are less extensive than the New Providence. It 
is worked for red quarry tile and roofing-tile at Cloverport. 
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PENNSYLVANIAN 

In Hancock County a shale, probably from the middle Pottsville, is 
worked for making sewer-pipe and flue-linings. In the eastern coalfield, 
notably in Boyd, Carter, Rowan, and Elliot counties, the Pottsville 
carries valuable deposits of fire-clays which form the basis of an 
important fire-brick industry. The clays are of three varieties, flint, 
plastic, and semi-hard. Olive Hill and neighboring towns are important 
localities of manufacture. 

The following section will serve to show the relation of the clays in 
this district: 


Section AT Oxtve Hint, Carter County, Ky 


Feet Inches 


eS PINK=CV G72 cess cre ek oe 3. plete tees 
Blitetshaleme «sy ccr cee Meee 18-20 
TrOm/Ore sic mt re tn ee ee ee 4-8 
IMbeNperills UigHENFH, 5 5p ssc obmacacse cole ys cncec- 


Co SI SB EK p= OS BS) 


The one deposit may thus yield several varieties of clay. Tests and 
analyses of these clays are given below. 


ANALYSES OF FIRE-cLAYS FROM NORTHEASTERN KENTUCKY 


I II Ill IV Ay 
Snes, (HO soon ance coocace 43 .82 a He 58.34 39.56 47.08 
Alumina (Al,O3)........... 39.67 40.21 | 33.34 43.35 36.12 
Ferric oxide (Fe,O3)........ 1.09 oS) | 1,02 DOT 2.08 
Toya: (CEO) 5 0.062 ow hoce ne: ee} 88 se 56 |) 86 
Magnesia (MgO)........... til 06 36 KO iy 2 
ILO O10 AMMO 64s 62 coe oo 11.96 14.12 6513 13.09 13.75 
Lotaler rae era ere 98.08 99.56 99.91 99.63 99.89 

(Conehomi sion nyt ai 33 35-36 34-35 36 33 


I. Semi-flint clay, Burnt House Mine, Olive Hill, 
Il. No. 1 flint clay. Burnt House Mine, Olive Hill. 


III. Sandy or high silica flint clay. Replaces No. II around the outer edges of the lense- 
shaped deposits. 


IV. “Aluminite.”” Olive Hill. 
V. No. 2 plastic clay, Burnt House Mine, Olive Hill. 
IY. Trans. Amer. Ceram. Soc., IX, p. 461, 1907. 
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Puysicat Tests or Kentucky Porrsvitte Fire-cuays * 


I IU Il 
Water of plasticity, per cent 16.8 14.6 7/53 
Volume drying shrinkage 13.0 10.8 3.0 
FIRING TESTS 
empers Volume Volume Volume 
fire Average fire Average fire Average 
ature, c 3 : : ¢ : 
oC. shrinkage, | porosity | shrinkage,| porosity | shrinkage, | porosity 
per cent per cent per cent 
1050 TU es) 29.0 1fs}o 6) 25.8 19.7 25.3 
1100 13.7 26.6 16.1 22.3 27.0 21.4 
1150 18.2 23.3 1975 20.0 230 20.4 
1200 19.1 23 .4 20.2 19.9 27.0 19.5 
1250 19.1 22.6 20.5 19.4 21.3 22.9 
1300 19.6 22.5 21.2 18.7 16.8 24.9 
1350 20.6 21.4 PAL Tf iA 14.0 25.9 
1400 20.1 20.5 22.4 15.0 27.4 19.3 
1450 23.9 18.9 23.1 TARAS eee ah te oer 
1500 26.0 13.5 24.8 HES age |i nedetesies chee ult Menenene as cit 
Cone of fu- 
SOM. 546 S235 @ | Ose wenekonts BYA=BEN || aoa oe oure ODT eee eee eee 


* Supplied by M. C. Booze, Mellon Institute, Pittsburg. 


I. Soft and semi-flint clay. 
II. Hard semi-flint clay. 
III. Flint clay. 


The Allegheny series of the eastern coalfield contains beds of plastic 
fire-clay which are worked to some extent but they are not as refractory 
as those in the Pottsville. At Madisonville in the western coalfield 
shales of this formation are worked for brick and tile, and in the eastern 
coalfield shales of the same series occur which could be made into buff 
brick, but the deposits are not very extensive. 

In west-central Kentucky there are at the base of the Pottsville 
small deposits of Indianaite, of probably similar origin to those found in 
Huron County, Indiana. 


‘TERTIARY 


The Lagrange formation of the Purchase region of western Kentucky 
contains a number of lenses of high grade, plastic refractory clays, many 
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of which burn white. These are worked in a number of localities. The 
clays are of value in the manufacture of white ware, saggers, fire-brick, 
and other uses to which this type of clay is put. In Madison 
County the Irvine formation, probably of Tertiary age, carries small 
lenses of clay which are worked into stoneware and art pottery. 


PuysicaL Tests or Kentucky La GRANGE CLAYS 


I II 
Water of plasticity, per cent......... 41.72 34.47 
Linear air shrinkage, per cent........ 12.00 5.82 
Modulus of rupture, pounds per square inch: 
Ra wsclay, secrean ce eck ice 25.55 189.1 
Clay, te Ae We eran ee rite sy 2a 196.30 167.5 


FIRING TESTS 


] 7 | 

Temperature, | Porosity, geluime Porosity, Volume 
oC ene fire Color aes fire | Color 

: P shrinkage es | shrinkage 

1190 16.70 32.00 cream 18.33 28.30 | cream, white 
1250 16.79 29.89 cream 18.33 29.64 | cream, white 
1310 1.59 37.52 cream 10.84 33.41 | cream, white 
1370 .90 40.00 buff . 60 38.20 buff 
1410 30 38.00 buff 40 37.50 | buff 

Cone of fusion 32 31 


I-II. From U. 8. Geol. Sury., Bull. 708, 1922. 


PLEISTOCENE 


The surface loams in the Purchase region and alluvial deposits under- 
lying river terraces in other parts of the State are widely used for the 
manufacture of common brick and drain-tile. 


ReEsIpUAL CLAys 


These are found at a number of localities, but they are all ferruginous 
and are used almost solely for making common brick. 


Te eee ee 
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Portsmouth 


© Sciotoville 


Fra. 125.—Map of Northeastern Kentucky, showing flint-clay area. After Greaves- 
Walker, Trans, Amer, Ceram. Soc., LX, 1907.) 


ANALYSES OF SOME Kentucky Cuays 


I II IIL IV V VI VII 

SN (eager 58.82 | 54.33 | 44.16 | 39.56 | 47.08 | 41.00 | 59.50 
NILY on oe 139149 19-44.) 37734. 43.35 9) 86 12) a 72o2 a4) 06 
Hg rem ecto: 8 A Some 00) ele 28 Nene 57 Ye 2.08 ee 5n7s D 
Kn OFS Wee 5 91 less 25 SO eet ien29 32 
MgO... 1/74 DP tr 50n4 \ 46 .39 
Na;O........ 36 Or ae |e ee He { 28 
ROO ae ie, Ler mene 5 1.93 
Ose ye >. 1.25 13 Crewe es > oll Sete DKO0F aoe 
Cheon ee Pie 39 BMA vectra? | de ea ee we ne 
Ignition....... G2 | 7 SOM 141608) 513. 09.5) 136750 13660 |eliasz 
Moist...5...-. LAGS Eales Oe 20) RED SOU lie nll Malabar htc aa | ee 

98.98 | 99.85 | 101.29 | 99.63 | 99.89 |100.73 | 99.97 


I. Lulbegrud shale, Irvine, Estill Co. 
II. Estill shale, Panola, Madison Co. 
III. So-called kaolin, same as Indianaite, from Pottsville formation, 5 miles 8S. E. of Bonnieville. 
IV. Gibbsite bearing flint clay, called aluminite. Olive Hill. 
V. Plastic fire clay, Olive Hill. 
VI. Flint clay, Olive Hill district. 
VII. White clay. 3 miles S. of Mayfield. 
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Pryorsburg, Ky. 
Kentucky Construction 
& Improvement Co. 


= Sandy clay 6” 


| Gravel 313" 
: ’ 
Orange-colored sand 4% 


7) 
Loose conglomerate 2 P 


Orange-colored sand 1% ; 
Interbedded sand and clay lenses 1 


=| Variegated sand 514" 


‘| Hardpan ironstone Ge 
‘Tough brown clay 6 


Dark clay 1° 
No.8 ball clay 4" 


= Clay colored some by lignite 144 
Highly lignitic clay 6" 


colored with light mottlings 


No.5 ball clay 44%4-5' 


#1 Nos.6 and 7 fire clay 10° 


Fig. 126.—Section in Lagrange clays south of Mayfield, Ky. (U.S. G.S., Bull. 


708, 1922.) 
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LOUISIANA 


The workable clays of Louisiana (Ref. 1) are all of transported char- 
acter and post-Tertiary age. Three distinct types of clay are worked in 
Louisiana, and each of these is characteristic of that portion of the 
State in which it occurs. 

The first, and oldest, is the Columbian mottle-gray clay of south- 
eastern and southwestern Louisiana. It constitutes the “ pine flats ” 
of the coast, and the so-cailed “ second bottoms ”’ of the coastal plain. 
These clays have been worked at a number of points, especially along 
the Pearl, Chefuncte, and Sabine rivers. 

“The second group includes clays of later Columbian age, skirting, 
though lying 30 to 50 feet above, the alluvial valley of the modern Missis- 
sippi River. Upon the eastern bank they form a continuous bluff from 
the Mississippi State line to Baton Rouge, thence bear southwestward 
to near Lake Mauripas as an escarpment bordering the modern Missis- 
sippi alluvium. Upon the immediate front, and extending some two or 
three miles back from the river, these yellow and somewhat loamy clays 
are covered by the brown loam or loess, and in such position have not 
been worked.’ But at Baton Rouge, where the loam has been largely 
removed, they are extensively dug for common brick. 

Clays of similar character and geologic age form a somewhat inter- 
rupted escarpment on the western side of the present Mississippi Valley. 
These clays have been worked at Markville, Washington, and New 
Iberia, and utilized for tile, common brick, and dry-pressed brick. The 
heaviest and perhaps best of these deposits are found in West Carroll, 
Richland, and Franklin parishes. 

The third group includes a series of pocket-like deposits in the modern 
alluvium of the Red River. 

Near Shreveport, and further north in the bluffs of Caddo and Bossier 
parishes, are outcrops of lignite shales which may be of value. 
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CHAPTER VIII 
MAINE—NORTH CAROLINA 


MAINE, NEW HAMPHIRE AND VERMONT 


Tue larger portion of these three States is underlain by either pre- 
Cambrian crystalline rocks or metamorphosed Paleozoic formations, 
consequently little clay is to be looked for in these. Covering the entire 
surface of these States, however, is a mantle of Pleistocene deposits, 
mostly glacial drift, which is employed at many places for the manufac- 
ture of bricks, as it often contains clayey members. None of the deposits 
are refractory, and indeed they may often be quite calcareous. The 
elacial clays are found in the till or have accumulated in hollows, but 
in addition to these are to be found in a series of estuarine deposits, 
represented by the clay-beds that have been formed in the larger valleys 
during a depression of the land in Pleistocene time. The subsequent 
uplift of the surface, and their erosion by streams, has left the clays as 
terrace deposits along the valleys. Deposits of this character are com- 
monly more persistent and thicker than the preceding: type of drift-clay. 

In the Penobscot Bay region of Maine (Ref. 3) yellow, gray, and 
blue-gray clays of marine origin are found between sea-level and the 
125-foot contour, and extending farthest inland along rivers and tidal 
estuaries. They are frequently from 15 to 35 feet deep, and sometimes 
even more. Their main use is for common brick. The following anal- 
yses are given by Bastin: 


ANALYSES OF Matne Brick Ciays 


I Il 1nDE 
SWE, (GMO) e cacascceees. 62.80 62.33 61.59 
Alumina (Al,O3)......... 17.36 pe 7A) 19.10 
Ferric oxide (Fe.O3)...... 4.40 5519 sii 
Ferrous oxide (FeO)... .. .| 2.00 12 is as 
Ibarra (CAD) os coengonn ces .88 1.00 ua ays) 
Magnesia (MgO)......... 1.58 il OS 1.87 
etoumsta, GO), 5 cccosnss- 3.05 pa SU glee nese wee 
SOd an (Nsis 0) see | 1.48 Pepe lle s3S.9.9 Se 
rlitamichacideli@s eee eee 87 NOT Uibaee ees 
IAT, . oon bouanonunane 4.39 Rl |) Sia 
MUNSTER AUUS Ser eo ato oon oi sul Ted aren 
le Total scehicelgay ST Cone 100.12 99.97 |! 97.28 
I. Clay from brickyard. Thomaston, Me. 
II. Hayden Point, nr. S. Thomaston, Me. 


III. Brick-clay, near Rockland, Me. 
I-III. U.S. Geol. Surv., Bull. 285, p. 30. 
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An extensive series underlies the terraces along the eastern shore of 
Lake Champlain, where they reach a height of several hundred feet 
above sea-level. These Pleistocene clays are mostly of value only for 
making common brick and drain-tile, although the smoother ones could 
be employed for red earthenware. 

A rather important series of residual clays is found in Vermont in 
connection with limonite and manganese deposits. They have been 
recorded from Brandon, Monkton, and Bennington, as well as in Shafts- 
bury, Wallingford,’ Plymouth, and Chittenden. Some of these are of 
white color, and although now used chiefly for paper manufacture, have 
also been tried for the manufacture of porcelain, stoneware, and fire- 
brick. The following analyses show the composition of one from Forest- 
dale, Vt.: 


ANALYSES OF VERMONT KAoLINS 


I II 

Silver, (SHOR ants GeacianS ofthc ny Moo me as 53.70 A891 
/Nowcomary VNEO) ss 5oconaon ess oeoc on 3 DeELZ, 39.99 
Perricroxides(hesOs)wnteon see oe coe: 0.06 0.3: 
[Brimersc (CERO E aS 0.9 Be oorutoc uo ceomectatene trace 0.34 
Maomesian (oO) Rpmemrerr teers crete WEES |) pon oawe 
DOES Ou Waal, 654004 acccnageos oe 10.55 8.92 
Alkahes, by difference.............. 0.57 15 

pL Gielen shen co eicetacsko. ection: poner 100.00 100.00 


I. J. N. Nevius, analyst. 
II. H. Carmichael, analyst. 


A decomposed talcose schist known as “ fire-clay ”’ is worked near 
Rutland, and used for patent wall-plaster, stove-lining, etc. 


REFERENCES ON MAINE AND VERMONT CLAYS 


- Nevius, J. N., Kaolin in Vermont, Eng. and Min. Jour., LXIV, p. 189, 1897. 
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The Maryland clay-deposits (Ref. 4) occur in formations ranging 
from Algonkian to Pleistocene, and the several formations of each system 
are each more or less limited to one of the three topographic provinces 
into which the State is divisible, as follows (Fig. 127): 
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Coastal Plain area, containing Pleistocene, Tertiary, Jura-Trias, and 
some of the Algonkian formations; bounded approximately on north- 
west by a line passing through Wilmington, Baltimore, and Washington. 

Piedmont Plateau region, containing Paleozoic, Mesozoic, and pre- 
Cambrian formations. The first two yield shales, while the third gives 
a series of residual clays which may at times be of value. This region 
extends from the western boundary of the coastal plain to the Appala- 
chian Mountains. 


OF 
MARYLAND 
SHOWING THE DISTRIBUTION 
OF 


CLAYS. 


POTOMAC CLAYS. 


RESIDUAL CLAYS [__Jesiates. 
FIRE CLAYS) 


| COLUMBIAN GLAYS 


¥rq. 127.—Map of Maryland, showing the distribution of clays. (After Md. Geol. 
Surv.) 


Appalachian region, consisting of parallel mountain ridges com- 
posed of upturned Paleozoic strata. These are largely Devonian and 
Carboniferous shales which are abundant in Allegany and Garrett 
counties. 


ALGONKIAN CLAYS 


These are exclusively of residual character and usually highly ferrugi- 
nous; there are, however, in Cecil County a number of scattered kaolin 
deposits derived from feldspathic gneiss, and one near Northeast has 
been worked to some extent for use in paper manufacture. A second 
pit has been worked near Dorsey station in Howard County and used 
in fire-brick making. 

The impure, ferruginous residuals, which have been derived from a 
variety of rocks and are all red-burning, vary in thickness, and except 
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in the case of limestone residuals invariably pass by slow gradation 
into the parent rock below. They are widely distributed in the Pied- 
mont area. A broad belt of limestone clay is prominent in Washington 
County. 


SILURIAN SHALES 


Most of these occurrences have no value for brick manufacture, 
unless they have at least partly weathered to residual clays. One good 
deposit occurs near the cement-works at Pinto, Allegany County. 


DEVONIAN SHALES 


These are represented in Allegany and Garrett counties by a great 
series of shales, sandy shales and shaly limestones. In some cases the 
shales have been so altered by folding that they develop little or no 
plasticity when ground and mixed with water, while at other times they 
are of excellent value for the manufacture of clay-products. The most 
important member is the Jennings shale, which is well exposed east of 
Cumberland and has been used for the manufacture of a red vitrified 
brick (Fig. 123). 


CARBONIFEROUS 


The Carboniferous formations are found in the western part of the 
State in Garrett and western Allegany counties. They are chiefly 
important because of the fire-clays which they contain. 

Mauch Chunk.—This is a red shale with interbedded reddish sand- 
stones, which at times weathers down to a plastic clay. The outcrops 
flank the ridges of western Allegany and eastern Garrett counties, but 
the beds are not worked. 

Pottsville.—The fire-clay formerly placed in the Pottsville is now 
classed as Allegheny. 

Ailegheny.—The stratigraphy of western Maryland has been 
revised by C. K. Swartz, so that all the fire-clays formerly placed in the 
Pottsville are now classed as Allegheny. In this formation there are 
several beds of plastic and flint fire-clays some of which are very refrac- 
tory (Ref. 6). Those worthy of mention are the following: 

Mount Savage fire-clay—This has been worked on Big Savage Moun- 
tain in the George’s Creek basin where it is 5 to 12 feet thick. It occurs 
between the upper and lower Mount Savage coals, and consists of both 
plastic and flint fire-clay. The flint-clay occurs in lenses and irregular 
masses in the plastic material. 
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Ellerslie fire-clay (Lower Kittaning).—This overlies the Mount Say- 
age sandstone. It is worked near Lonaconing and is known at several 
other localities. 

Hardman fire-clay.—This occurs 125 to 150 feet above the base of the 
Allegheny formation in George’s Creek Valley, and is 5 to 15 feet thick. 
It carries both plastic and flint-clay but is not as pure as the Mount 
Savage, although having a high fusing-point. It is worked at Mount 
Savage. Parts of it are non-refractory. 

Bolivar clay—The Davis or Upper Freeport coal is underlain locally 
by an impure fire-clay, which seems to correspond to the Bolivar of 
western Pennsylvania and eastern Ohio. 

Conemaugh.—This formation carries the Thornton clay which has 
been used for brick in West Virginia. It occurs at a number of localities 
in Maryland. 

The shales of this formation are usually argillaceous and sometimes 
associated with coal. 


Puysicat Trests oF MaryuAND FIRE CuLays 


| 
I II Ii IV VO AVE 
Water of plasticity, per cent....} 16.9 TSO Mon eoe-ee | ee 17.4 | SBR 
Linear drying shrinkage, per cent| 4.0 Aa Dale Re Airs le nee eae 5.4 6.6 
IBN anaved TaAWIMONK SIS GS Goan + coe coe 4.6 Sicdtt ete ecclesia 6.4 9.0 
Softening point, cone.......... 30 22 33 28 26 18 
Apparent porosity, per cent: 
LS OS Cae esse ere 23,47 | 10 OF 2b Om pees: deSSeE Wy Bhi 
L200 CAR res eee ORS 12S 26.2 20.8 L329 38 2 
L300 (Chae eee 14.9 11.3 27.7 18.9 4.0 40.0 
1400 2: CS eee eee 12.1 5.4 26.3 14.0 8.2 40.5 
Volume shrinkage, per cent: 
£1502 CO aeteeie  Peee U8 15.9 15.9 4.5 eZ, 2.0 
L2008 Gigneerene ee tar 9.2 17.4 17.9 4.4 lisa A 2.6 
1300° Cae eesot fee 9.3 15.38 18.6 3.9 18.9 —1,.3 
140025 Cae eee eer 6.7 10.6 14.0 3.9 4.3 —4.4 


I. Mount Savage or Clarion plastic clay. 
II. Mount Savage or Clarion plastic clay. 
III Mount Savage or Clarion flint clay. 
IV. Mount Savage or Clarion flint clay. 
V. Ellerslie (Lower Kittanning) plastic clay, 
VI. Hardman, flint clay. 
From Md, Geol. Sury., Vol, XI, Pt. II, 1922. 
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CRETACEOUS AND JURA-T'RIAS CLAYS 


The clay-deposits of these two ages underlie large areas in eastern 
Maryland and are perhaps the most important clay series in the State. 
They are divisible into the following groups: 


( Rancocas 
Upper Cretaceous...... 4 Monmouth 
Matawan 
Raritan 
Patapsco Potomac 
Arundel Group. 
Patuxent 


Lower Cretaceous...... 


Higa, IME 55 yo Ro eo ee 


The Upper Cretaceous deposits of Maryland are a continuation of 
similar beds in Delaware and New Jersey and cross the State from north- 
east to southwest, being especially developed in Cecil, Kent, Anne Arun- 
del, and Prince George counties. In Maryland, however, these deposits 
earry but little clay. Those of the Potomac Group or Lower Cretaceous 
are of much importance, and consist of a series of sand, sandy clays, and 
gravels which have been deposited at different periods and under vari- 
ous conditions, the result being that the most unlike materials pass into 
each other horizontally. The characters of the several subdivisions of 
the Potomac together with their uses are as follows: 

Patuxent.—This is best developed in the upper valleys of the Big 
Patuxent and Little Patuxent rivers and is sometimes found resting on 
the crystalline rocks of the Piedmont Plateau. It is traceable as a 
narrow, irregular, and sometimes broken belt from Cecil County on the 
northeast across Harford, Baltimore, Anne Arundel, and Prince George 
counties to the border of the District of Columbia. The Patuxent at 
times contains beds of refractory clay, the best occurrences having been 
noted around Baltimore and near Sewell in Harford County. The clays, 
which commonly show low tensile strength and low air- and fire-shrink- 
age, have been used with much success for admixture with the more 
plastic Arundel clays in the manufacture of terra-cotta. 

Arundel formation.—Although highly developed in Anne Arundel 
County, the deposits of this horizon can be traced as a broken belt from 
Cecil County to the District of Columbia. The deposits form a series of 
large and small lenses of clays bearing carbonate iron ore (Fig. 26) 
which have commonly been deposited in old depressions in the surface 
of the Patuxent formation. They vary considerably in size, ranging 
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from a few feet up to 125 feet, and are usually made up of a blue, often 
siliceous clay of good plasticity but not high tensile strength. Cecil, 
Harford, Anne Arundel, Howard, Prince George, and Baltimore counties 
all contain many beds of Arundel clay. They are mostly red-burning 
and so their chief use has been for the manufacture of common and 
pressed brick, but some has been dug near Baltimore for making sewer- 
pipe and common pottery, in fact refractory clay is at times found and 
used for terra-cotta. 

Patapsco formation.—The type exposures of this are on the shores of 
the Patapsco River, although the formation extends across the State. 
The clays are chiefly bright-colored, mottled materials, which are often 
surrounded by sand-deposits. At the base of the formation there 
is often a bed of bluish stoneware clay, which is worked in Cecil 
County. 

Raritan formation.—The beds in this formation are predominatingly 
sandy, and although at times they contain lenses of clay they are of 
far less importance than those in New Jersey. 


TERTIARY CLAYS 


An important bed of red clay of Tertiary age extends from the 
South River southwestward, showing many outcrops, especially along 
the Western and Charles branches of the Patuxent, at Upper Marlboro 
in the Potomac Valley, in Prince George County, etc. It is a somewhat 
fine-grained plastic clay, at least 20 feet thick, and burns to a good 


hard red body, but is not worked, although it could be used for pressed 
brick. 


PLEISTOCENE 


This overlies the earlier formations of the coastal plain, and in some 
cases extends up on the rocks of the Piedmont Plateau, forming a mantle 
of sandy clay, loam, and gravel of varying thickness. The loams, which 
belong to the Columbia formation, are very extensive and form an abun- 
dant source of brick material, being much used for this purpose around 
Baltimore. 

Occasionally the Pleistocene carries stoneware clays, as along Chesa- 
peake Bay south of Bodkin Point. 

‘ The physical properties and chemical composition of clays from 
euler formations are given below, all of them being taken from 
Volume IV of the Maryland Geological Survey: 
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ANALYSES OF MARYLAND C1LaAys 
I II Ill IV Vi VI 
Cag (S1O)s) verte sw ace ee 70.25 | 56.15 | 75.40 | 69.40 | 59.70 | 68.30 
esiomamimes CMWHOS) ssacncensona pont) INAS tl | SB Pa) TG Ves) ake) || Qr- Wte) || Gal oe 
Bermicioxide(He,@;)........... 4.10 0.59 ih PAR 2.00 4 1K0) eS 
Ii name HOEK OU ae Cs irae areca O70 | Oe | OL | O20 | OKO | Ox 
Magnesia (MgO).............. 0.40 | 0.115) 0.90] 0.60) 0.52) 0.80 
PNicaliesn(NarO WoO. 2. otamellels 700 neces os 0.50 0.62 1.96 0.20 
{LENIN ig ales Bt ey eee ee 4.80 9.68 5.30 7.85 8.20 | 7.55 
EL Ouellet kta ay. ober scocs as | 99.72 |100.00 |100.45 |100.37 |100.08 |100.07 
VII VIII IX x XI XII 
SUNGAE(SI Os ee kas okra sas vite 72.50 | 55.65 | 61.00 | 46.10 | 58.60 | 67.50 
Nome, (NGO R) sone ean scoc) LOO) SOnKBs | Oakey SOs Pls 7a | Ty 40) 
Ferric oxide (FesO3)........... oO) 0.97 0.83 105 ee 6.70 
Liisi! (ORO) Se eee eee 0.35 0.75 0.21 0.39 0.40 0.45 
Magnesia (MgO).............. O50) | O50 | O10 | OsGOl | cB Io. cs- 
Paicaliesn (N20) KGO) eee. al) Le LON F020) I, trace Winse a: 0.63 1.76 
leecaR VOT. 3.3 Reine Soe on eS eae 6.50 | 12.30 | 11.60 | 12.95 | 8.90 |) 5.90 
1RGS i eselttert oa ate coer 99.55 |101.00 }100.10 | 99.14 |100.81 | 99.51 
Localities oF THE ABOVE 
No. Locality Cocca Uses 
age 
I | Bottom shale, brick works, Cumberland, 
AllesanyveCounityincpmise eine eek Devonian Paving-brick 
II | Flint-clay, Mount Savage, Allegany County .| Carboniferous | Fire-brick 
III | Baldwin’s sand-pit, Raritan River, Anne 
Aim Gelk@ OUI ae tenement ae Raritan Not worked 
IV | Bodkin Point, Anne Arundel County.......| Pleistocene Not worked 
Vi) Baltimore, Baltamore County.....-..4...5: Arundel Brick 
VI | Link’s pit, south of Baltimore, Baltimore 
(CloUiinye nog bad ome moa ero setae Arundel Terra-cotta 
Wii Carpenter Point, Cecil County se... -. Patapsco Stoneware 
NllinmNiortheast) Cecil Countian «secre Algonkian Kaolin 
IX | Flint-clay, Swallows Falls, Garrett County..| Carboniferous | Not worked 
X | Shale, Swallows Falls, Garrett County..... Carboniferous | Not worked 
IX | Upper Marlboro, Prince George County....) Hocene Not worked 
XII | Residual limestone clay, Williamsport, Wash- 
eveqneia (COMIN Ss goc con qeosnGdosno eh cor Pleistocene Bricks 
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PuysicaL Tests or MaryLanp Cuays 


I II Ill IV Vv VI 

Per cent water required............-- 19 30 40 19 |) 2205) |) 23 

Arvp-clamanleaeys, Tere GEM occa cance cone = 4 6 gta 4 6 6 

Mineschirinlca ce seein te een ene ene 5 4 9 6 9 10 

Average tensile strength, pounds per 

ROWE, cu doc eoecesouge ss poke 55 AQ | 223 65 Td 110 

HOON MORMON 5 se acave os OL 8 05 Bei al OL 

Cone of { VHANBONKORNDIOIN., sa oc one nore car 4 27+ Doi Bite OTs 

ViSCOSIUYsaer one = ess ene TO ee The 10e nt 
PIASticl by: encanta lean | good | high | fair | good | high 


VAUD WMH || IBS x XI | XII 
| 
Per cent water required.............. 20 30 18 20 25 | 35 
PAtr=chirinl case ecnCe]i =n 2 Gr lie ah Olena 4) 99 
Hire-shrinka wesc... nec see eer ATT Ag eeu l255 | ere oe ell 
Average tensile strength, pounds per | | | 
SCUATCLINCIS aye ee accra sea 10 40 20 100 15 132 
CH OLE AE SL O10 20 8 10 3 27+| 05 
Cone of | Salts CALL OL] ae een ee 27+| 27 SP eee 6 
| viscosity So eeadta ee re oer teat ea ee Ih ee eal walle peeerees leek Ole eee eer 10 
PIOSUICIUV Raat ste siere eicteyo ete cee re: lean | fair | lean | fair | lean | fair 
| 
Locauitins OF THE ABOVE 
No. Locality Cao eos Uses 
age 
I | Savage Mountain, Allegany County....| Mauch Chunk | Not worked 
II | Bodkin Point, Anne Arundel County... | Pleistocene Not worked 
III | Two miles south of Bodkin Point, Anne 
ANAMNOCIEN ClWIN sooo ese noungscanes- Pleistocene Not worked 
TV | One-half mile south of Harman, Anne 
ANAUENCE (COOMA 555 en oo nenaces Raritan Dry-pressed brick 
V | Link-pit, Baltimore, Anne Arundel 
Colintiy ss: eit nk dee eee ee Arundel Terra-cotta 
VI | Near Elkton, Cecil County........... Patapsco Stoneware 
VID) Leslie, Cecil County... es tse ye Residual Stove-lining 
VIII | Northeast River, Cecil County........ Patapsco Not worked 
IX | Northeast; Cecil Coumty...9...0).... Residual Paper-clay 
X | Shannon Hill, Cecil County........... Patapsco Not worked 
XI | Dorsey, Howard County............. Residual Fire-brick 
XII | Upper Marlboro, Prince George County] Eocene Not worked 
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MASSACHUSETTS 


Most of the clays dug in the State are obtained from the Pleistocene 
formations, while comparatively small amounts are taken from the 
Cretaceous and Tertiary strata, and residual clays are rare. 


RESIDUAL CLAYS 


Two deposits of white residual clay or kaolin have been recorded 
from Massachusetts. One of these is at Blandford, Hampden County; 
the other is 4 miles south of Clayton, Berkshire County. The first 
has originated by the decomposition of a pegmatite vein in mica-schist, 
and has a width of nearly 100 feet.! It has been used for the manufac- 
ture of white brick and terra-cotta. The second has been derived from 
feldspathic quartzite or gneiss, and in its crude state is lean and sandy. 
The following analyses represent the composition of washed samples of 
the Blandford (1), and of Clayton (II) materials.” 


ANALYSES OF MASSACHUSETTS KAOLINS 


| I II 

Silica Ont ot <a saawpere. 52.03 | 50.00 
Nimans, GNILO coccnacaccoacca| Glad 44.00 
Miesaave Gpald (UMEDA) ss ec cccoco- tLAUCCHMN eee eter 
Ia Caatcles (CAO). oo oaconcup|secconane 1.00 
ime t(CaO\ec ssa ere trace 024 
Maomecian (MeO) eran aes cts Poca nema nee ete 
Alkalies (Na2O,K20O)........... trace 1.24 
Wee (EO) Ggcano an sooo s AsSecIo lela pigs & dow 

AIOE at ooh cha too loa cies eaneo- otc 99.88 96. 264 


1Crosby, Technol. Quart., III, 1890. 
2 This evidently represents the composition of the burned clay. The analyst 
is unknown. 
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Residual clays are known in Essex County, but are of no commercial 
value. One bed of fine white kaolin derived from felsite occurs on the 
west side of Kent’s Island, Newbury. Another mass is found in South 
Lawrence, but neither have been worked, as they are too small. 


CRETACEOUS AND TERTIARY CLAYS 


The Cretaceous and Tertiary beds form a thick series of clays and 
sands, well exposed in the Gay Head cliffs. The clay-deposits are 
pockety, owing partly to the frequent changes of conditions during 
deposition, and partly to their subsequent disturbance by the ice of the 
continental glacier as it advanced southward. These clays have been 
used to a slight extent for bricks, and somewhat for souvenir pottery. 


PLEISTOCENE CLAYS 


These form the most important clay resource of the State, but con- 
tain no high-grade materials. They are extensively developed on the 
islands of Martha’s Vineyard, Nantucket, and in southeastern Massa- 
chusetts on Cape Cod, but most of these are not well adapted to brick 
manufacture, as they vary too much in burning. 

The true glacial clays are found and worked at many points. (Ref. 6.) 
Some of these were formed in estuaries, others in pools under or in 
front of the ice, while still others occur in the morainal drift and repre- 
sent ground-up rock-flour. In the region south and east of a line from 
the mouth of the Merrimac River to Stonington, Conn., they are not 
found above an elevation of 100 feet. Around Boston these glacial 
clays are well developed in the estuaries of the Charles, Mystic, 
and Saugus rivers north and west of Boston. The clays are bluish, 
plastic, and very fine, but may at times contain bowlders or scattered 
pebbles. 

Similar clays are extensively worked along the Mystic River at 
Medford; at Cambridge and Belmont on the Charles River; at Holyoke 
and South Hadley on the Connecticut; and at Taunton on the Taunton 
River. They are used chiefly for common-brick manufacture. There 
are but few published analyses of Massachusetts clays. Of the two given 
p. 457, No. I is a glacial clay from West Cambridge, J. Card, analyst, 


and No. II a red clay from south end of Gay Head section. (7th Ann. 
Rept., U. 8. Geol. Surv., p. 359.) 
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ANALYSES OF Massacuusetts CLays 


I II 

SUCH SHON IE « 2.065 acmacesh eaae 48.99 57.50 
Nene, CMON soncsocccaccacsh  Fk.O0 31521 
Ferric oxide-(He:Os3).......-.-- SROOP Mie 
Tin 6:(CaO)ie ey sete. ae ee eal 0.19 
Magnesia (MgQ).:.4.........- 3.66 0.20 
Alkalies (Na2O,K20)........... 4.73 0.40 
Wiaterschls Oren senia ter irre c nse 3) Ball 9.83 

BG Cal ene ea eed ere: 100.58 99.33 


In Essex County, in which brickmaking began over two hundred 
years ago, Pleistocene surface-clays are much used for bricks and pottery. 
They are of variable thickness, some exceeding 30 feet in depth, and are 
worked at Danversport, Haverhill, Beverly, and Salem. Some of 
the deposits are excavated below sea-level. 

It is interesting to note the variety of products made from these com- 
mon surface-clays, for they include common and pressed brick, fire- 
proofing, and earthenware. A fine pottery is made at Newburyport 
from a mixture of local clay and Ohio clays. 
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Le ed 


MICHIGAN 


The clays of Michigan are obtained from two types of deposits: 
(1) Shales of Palzeozoic age, and (2) surface clays of lake, river or glacial 
origin. These surface clays and associated deposits form a rather 
extensive mantle which often hides the bed-rock. 
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PALEOZOIC SHALES 


The shale formations which underlie a large part of the Southern 
Peninsula form a large basin, with the younger formations occupying 
the center (Fig. 128). Although they underlie a large area there are 
few outcrops on account of the heavy mantle of glacial drift and lake 
deposits. The age of these shales ranges from Silurian to Carboniferous, 
and their characters are as follows: 

Bell shales.—A soft blue shale, 50 to 80 feet thick, which outcrops 
in different places in Cheboygan and Presque Isle counties. It is fine 
grained, plastic, red-burning and probably suitable for brick and tile. 

Antrim-Bedford shales.—These shales which belong to the upper 
Devonian, are black at the bottom and generally blue at the top. Con- 
cretions of siderite and pyrite are not uncommon. Both shales burn to 
a hard red product suitable for brick and tile, but the lower one must be 
carefully oxidized in firing. 

They outcrop in many places throughout the northern counties. 

Coldwater shales.—These shales which belong to the Mississippian 
are blue and gray with large concretions of siderite and lenses of sand- 
stone especially near the top. The shales are 700 to 1000 feet thick and 
while not used for clay products are said to be suitable for brick and tile 
manufacture. 

Coal-measure shales.—This includes a number of shale-beds which 
are said to be suitable for brick and tile. The white shale (so-called 
fire-clay) of the Saginaw formation is classed as semi-refractory and 
stated to be suitable for making sewer-pipe and paving-brick. 


SURFACE CLAYS 

The surface clays of Michigan are of three types: (1) Morainic or 
drift clays; (2) Lake clays; and (3) River silts. 

The morainic or drift clays are usually stony (Fig. 131) and run high 
in lime carbonate or limestone pebbles, and occur in both the northern 
and southern peninsula. They are as a rule suitable only for common 
brick. 

The lake clays have about the same composition and burning prop- 
erties as the morainic clays, but contain fewer stones and are more 
workable. In the southern peninsula they are confined almost entirely 
to a strip 40 miles wide extending from the Ohio line northward along 
the east side of the peninsula, and around Saginaw Bay. Extensive 
deposits occur in the northern peninsula in Ontanagon, Houghton, and 
Baraga counties. The lake clays are often caleareous and may be used 
for brick and tile. Some of the deposits in Ontanagon County are of 


value as slip-clays. Fullers’ earth occurs in the lake deposits near 
Petoskey. 


MICHIGAN 459 


The river silts are generally sandy, but fairly free from pebbles. 
They are often suitable for brick or tile. 


DOMINION OF CANAD. 


Fic. 128.—Map of Michigan showing distribution of hard rock formations and the 
areas (solid black) in which exposures of shale occur. (After Brown, Mich. 
Geol. Surv., Pub. 36, 1924.) 
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I. River silt, Allegan, Mich. 
Il. Lake clay, Azalia, Monroe Co. 
Ill. Lake clay, Munising, Alger Co. 
IV. Boulder clay, Menominee, Menominee Co. 
VY. High lime boulder clay, Gladwin, Gladwin Co. Used for stiff mud brick. 
VI. Antrim shale, 3 miles S. of Indian River. Cheboygan Co. Heated 5 hours at 750° C. to 
oxidize carbon. 
VII. Bedford shale, Ellsworth, Antrim Co. 
VIII. Coal measure shale, Grand Ledge, Eaton Co. Used for face brick. 
IX. White Coal-measures clay, Auburn, Bay Co. 
X. Coldwater shale, Coldwater, Branch Co. Carbonaceous, oxidized 2} hours at 750° C. 
XI. Bell shale, Rogers City, Presque Isle Co. 
All from Mich. Geol. Surv., Pub. 36, Geol. Ser. 30, 1924. 


ANALYSES OF MICHIGAN CLAYS AND SHALES 


I | II Ili IV Vv 

Sloe, CSOD Sis ote are ote oes 55.30 44.30 56.50 53.44 55.95 
Alamina;(AlsO3)\5........-.| 14.20 23.12 19.31 24.80 17.43 
Ferric oxide (Fe2O3)........ 3.62 7.68 5.89 0.76 7.67 
ean en( CaO) rere cscs ce os 0.30* ih, ii I OOs R25 2.14* 
Magnesia (MgO)........... 2.61f 150 alentetay My lletae ato ee ROOM 
ROLasn CIOs. ocne oe oe \ 

2. 2.00 5.9 2.86 
PO) ke ee 16 : 
@anrbon cdioxiden(©Os) saeenaale seen DRO dill: Sid. Go the (20.75 
SOE ee 21.82 17.64 9.47 | 12.40 
q-WOlgaE NOOR Same Aarne oer J 

VI VII VIII IX xX 
Gilltesy (SHOM) 65.4 ocngodpnn ses 61.09 54.62 44.15 41.86 52.92 
ANitommines (NOR) A coance ceo so|| Ieeake) 12.82 10.00 10.70 PY DAS 
Ferric oxide (Fe2O3)........ 6.78 2.00 4.08 5.02 6.45 
HmenCaO eof. 40he e: 2.51 | 13.68 | 24.64*| 14.33*| 13.84* 
Magnesia (MgO)........... 0.65 4.25 1.50t 2.81f OOM) 
Iain (CSOs aso 500n a5 ae \ 316 155 2.80 3 35 
Sodan(Naa@) ae en peo a2. i 12.01 
@arbonudioxide (CO>)mme aes aleearues a | jae OY re nck a Als OME || ape rey s/s 
Nearer (Els ©) aepancewere eens: 5.11} || 12e13 8.00 7.14 
=e ORCA Chyna ta: cee eer acne S Op i425 0) ce reeaee BEL itn lla enehtaten len arpeapeneetc 

* = CaCO; + = MgCO; 


REFERENCES ON MICHIGAN CLAYS 


1. Brown, G. G., Clays and Shales of Michigan and Their Uses, Mich. Dept. Con- 
serv., Geol. Surv. Div., Pub. 36, Geol. Ser. 30, 1924. 
2. Ries, H., Clays and Shales of Michigan, Mich. Geol. Sury., VIII, Pt. I, 1900. 
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Fia. 129.—Coldwater (Carboniferous) shales at White Rock, near Forestville, Mich. 
(After H. Ries, Mich. Geol. Surv., VIII, Pt. I, p. 44, 1999.) 


Fra. 130,.—Carboniferous shale used for paving-brick, Flushing, Mich. (After 
H. Ries, Mich. Geol. Surv., VIII, Pt. I, p. 29, 1900.) 
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MINNESOTA 


Clay-bearing formations.—The clay-bearing formations of Minne- 
sota include: Residual deposits from Archean rocks, Algonkian, Ordo- 
vician, Cretaceous, Pleistocene, and Recent. 


ReEsipuAL Deposits 
In the southwestern part of the state the Archean granites and 
granite gneisses are covered by residual clay which is the result of pre- 
Cretaceous weathering and in most places is overlain by Cretaceous 
sediments. Much of the material is said to be a white highly refractory 
clay which could be used for whiteware manufacture. 


ALGONKIAN 
Beds of shale occur in several of the pre-Cambrian formations but the 
material is too much metamorphosed and usually too sandy to be of 
much value. 
ORDOVICIAN 
The Decorah shale which outcrops in the southeastern part of the 
State is of much value. It is 50 to 100 feet thick and contains layers 
and lenses of limestone interbedded with the shale, but there is usually 
a 10-foot bed of shale at the bottom of the formation. The ground shale 
yields a greenish plastic clay which is used extensively near St. Paul and 
in Goodhue County, for making pressed brick, common brick, drain- 
tile, ete. 
CRETACEOUS 
Basal Cretaceous c!ays are most prominently exposed in the bluffs 
on both sides of the Minnesota River from Granite Falls to New Ulm. 
They are mostly pebbly or with concretions, of highly refractory char- 
acter, but are not used. Cretaceous shales are thought to underlie 
much of the western part of the State, and also occur in patches in the 
southeastern portion. The shales are usually light to dark gray and 
are interbedded with sandstone and less commonly limestone, but are 
exceedingly plastic. They are used in Goodhue and LeSueur counties 
for stoneware (Fig. 132), common brick and hollow brick. In the 
western part of the State these shales are deeply covered by drift. 


PLEISTOCENE 
Gray glacial drift, consisting mostly of clay, weathered yellow at the 
surface, covers rather more than the western half of the State. Special 
treatment of this clay is necessary on account of the presence of lime- 


464 MAINE—NORTH CAROLINA 


stone pebbles which must be either ground up or screened out before 
the clay is used. It is employed for common brick and drain-tile. 

Gray laminated lake and river clays occur chiefly along the valleys 
of the Minnesota and Mississippi rivers. The material is used for com- 
mon brick but is not suitable for vitrified products. 

Red drift clay is found in the eastern part of the State. North of 
Minneapolis it is used for common brick, face brick, and hollow brick, 
and much of it could be used for paving-brick. 

Red laminated lake and river clays are found along the eastern 
border of the State, and extend into Wisconsin. They are red-burning 
but are not much used in Minnesota. 

Loess is found in the southeastern part of the State and to some 
extent in the southwestern portion. It is 2-4 feet thick on the uplands 
but much thicker in the valleys. While not used alone, at a number of 
localities it is mixed with the underlying clay for use. 

Recent alluvial clays are found chiefly along the Red and Minnesota 
rivers. Some of the Red River alluvial clay may have been deposited 
in Glacial times. Of the Red River clay only the leached, yellow upper 
portion can be used for brickmaking, as the lower part not only has too 
high a shrinkage but is also too highly calcareous. 

The following tables give the chemical composition and physical 
properties of some of the Minnesota clays: 


CHEMICAL ANALYSES OF SomME Minnesota CLays 


I II III IV 

SIOg oem DORSe 69.92 47.70 50.51 
‘ALO See 18.63 17.39 13258 15.89 
KesQ sper. 6.19 1.68 6.51 8.21 
FeO rears 
CaO sen mer .96 .60 NAO) 7.10 
MIETOY. coos oon as DOF tla Sas 5.14 
INDO’ 68 6 oa 225 EO 1.05 1.66 
Kr OR aa Ths) 220 2.34 iL ASS 
Moisture...... 2.41 il 10) 17S; 2.44 
Teniion ta 4.81 5.45 13.23 Hoe 
iOS Sper ee .65 .63 pall .26 

100.59 99.99 101.34 100.43 


I. Decorah shale, West St. Paul, F. F. Grout, analyst. 
II. Stoneware clay, Redwing, Goodhue Co., F. F. Grout, analyst. 
III. Gray laminated clay, Net Lake Rapids, A. W. Ganger, analyst. 
IV. Red Lake clay, Carlton Co., A. W. Ganger, analyst. : 
All analyses from U.S. G. S., Bull. 678. 
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Fig. 131.—Deposit of calcareous glacial clay, Ionia, Mich. (After H. Ries, Mich. 
Geol. Surv., VIII, Pt. I, p. 52, 1900.) 


Fia. 132.—Cretaceous Stoneware-clay, Red Wing, Minn. (Photo loaned by Red 
Wing Stoneware Co.) 
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Uses.—The Decorah shale is used for common brick, pressed brick, 
hollow ware, fancy brick, and drain-tile. The Cretaceous shales are 
employed for stoneware and sewer-pipe. The Pleistocene clays for 
common brick, hollow brick and drain-tile. Many of the Pleistocene 
clays require careful firing to prevent black coring. 


REFERENCES ON MINNESOTA CLAYS 


1. Berkey, C. P., Origin and Distribution of Minnesota Clays, Amer. Geol., Vol. 
XXIX, p. 171, 1902. 

2. Grout, F. F., Clays and Shales of Minnesota, U.S. Geol. Surv., Bull. 678, 1918. 

3. Grout, F. F., and Soper, E. K., Preliminary Report on the Clays and Shales of 
Minnesota, Minn. Geol. Surv., Bull. 11, 1914. 

4. Winchell, A., County Descriptions in the Series of Final Reports, Vols. I, II, and 
III of the Minn. Geol. and Nat. Hist. Surv. 

5. Winchell, N. H., Brick-clays, Minn. Geol. and Nat. Hist. Surv., Miscel. Pub., 
No. 8, 1881. 


MISSISSIPPI 


The clay-bearing formations of Mississippi include the Devon- 
ian, Mississippian, Cretaceous, Tertiary and Quaternary, and form 
perhaps the most important mineral asset of the State. The general 
distribution of the clay-bearing formations is indicated on the map 
(Fig. 133). All of these are not of equal importance. Both the Devon- 
ian and the Mississippian carry beds of shale, but they do not appear 
to have been worked. 

Of the Cretaceous formations the Tuscaloosa, which occupies a com- 
paratively small area in northeastern Mississippi, is the most valuable. 
Logan (Ref. 2) states that it carries refractory clays, but the chemical 
analyses show that most of them are rather high in silica, although 
they are commonly low in iron oxide. (For tests see Ref. 5.) 

The Midway division of the Tertiary found in northeastern Missis- 
sippi carries clays which are of medium quality and have been but 
little used. 

In the Wilcox group are found the most valuable clays at present 
produced in the State. The outcrops extend across the State in a 
northwesterly direction, but are sometimes covered by later formations. 
There are three subdivisions which in descending order are the Grenada, 
Holly Springs and the Ackerman. The Wilcox as a whole consists of 
beds of clay, sand and lignite, and the series dips gently to the westward. 
(Refs. 4 and 2.) 
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Fra. 133.—Map of Mississippi showing the geologic age and distribution of the clay- 
bearing formations. (After W. N. Logan, Miss. Geol. Surv., Bull. 2.) 
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The Ackerman carries dark gray lignitic and ferruginous clays and 
little is known regarding them. The Holly Springs member is pre- 
vailingly sandy, but there are lenses of variously colored clays, some 
of the better ones, as at Holly Springs having been used for stoneware. 
The Grenada which is well exposed in the northwestern corner of the 
State as in Tallahatchee County, is of considerable importance as a 
source of refractory bond clays (Ref. 6), and some of which have been 
actively worked. 


The following physical tests of one will indicate their character 
(Ref. 6). 


Puysicat Tests or Rerracrory Bonp Cray, Enrp, Miss. 


Workability: plastic; smooth; works well in molding; dries well. 


Per cent 
Wralterrot plasticity savas nee. wc her te, cate ee ee 35.20 
iVolume vanes trim kare eeegemeemn re cee et een er, ena 30.48 
hmesr armshrunkages calculated je mccme ae ene oe 11.00 


Modulus of rupture, dried: Raw clay................. 533.6 
Mixture, 1 clay: 1 sand.... 404.5 


Frrine Tests 


Volume Linear 
por ees Porosity, fire fire 
ature Color ; ; 
ee per cent shrinkage, | shrinkage, 
GC per cent | per cent 
1190 2.5 Light brown 22.80 8.3 
1250 2.02 Deep cream 25.49 9.4 
1310 2.30 Brown 26.00 9.5 
1370 2.00 Buff 25.20 9.3 
1410 14.40 Deep buff Over fireds hme 


Test made by U. 8. Bur. Mines. From Bull. 708, U.S. Geol. Sury. 


REFERENCES ON MISSISSIPPI CLAYS 


1. Logan, W. N., Brick-clays and Clay Industry of Northern Mississippi, Miss. 
Geol. Surv., Bull. 2, Pt. I, and Bull. 4, Pt. II, 1904. 

2. Logan, W. N., The Pottery Clays of Mississippi, Miss. Geol. Surv., Bull. 6, 1914. 

3. Logan, W. N., and Hand, W. F., Preliminary Reports on the Clays of Mississippi, 
Miss: Geol. Surv., Bull. 3, 1905. 

4. Lowe, E. N., Miss. Geol. Surv., Bull. 10, p. 23, 1913. 

5. Lowe, E. N., U.S. Geol. Surv., Bull. 708, pp. 206-211, and 249-255, 1922. 

6. Ries, H., U. S. Geol. Surv., Bull. 708, p. 239-249, 1922. 
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ANALYSES oF MissIssIpPI Cuays 


| 
if We | Jagr || TAY nv Ae AVABE | WANE) SBxC 
Silica (S1©>) eee neen ere 74.45/71. 67 77 .57/75.11/71. 13)/67 .72|59 . 22/60. 00/63 .35 
Alumina (AI,O;)........../11:62] 8.10) 7.25/10.70) 9.12)10.86)/10.30)/27.80)13.70 
Ferric oxide (Fe2O3)...... 3.98) 7290). 6525|) oe 00) sap) Ono 70|eeio)les oO 
men (@a@) Reeves eee se rae 1.69} .90! .50} .60) 42) .85) 1.68) 1.38) .80 
Magnesia (MgO)..:...... 94) .94) 1.90) .47| .63) .70} 1.18) .00; .60 
Sullolarene WakOxdOlS. oo census 2B VA otlviilsccc - .08} .54) .23) .20) .34 
LOSS OM WMeHANTOIM. 5 op oooea: 4,23] 4.85] 3.70} 3.20} 4.92) 8.01) 7.00) 8.20) 6.50 
MIGTHUIRS, coco} ceuogou nae 2.81] 2.15] 2.13] 1.81] 4.95} 4.25/10.06} .69) 6.02 
otaliteeve tater 99 .55/97.13/99.47/97 .39/99 .00/98.44'94.37|99 02/99. 21 
Clay substances... a0. - 29.39/20. 49/18 . 34/27 07/23 .07|27.47|..... 70.45/34 .66 
Breersilicaty ceentscettaass 60.89)62.15)69.05/62.53)60.41/12.77)..... 17.35|47 . 24 
In Ueibles eee erie 8.44/10.36) 8.82) 6.57) 8.88] 7.60)..... 2.33] 9.64 
Total shrinkage, per cent..| 63 |..... 62.7 Seer: 10 8 ibs Ih pees 2 8 
Tensile strength, pounds 
per square inch........ 1S LOOM COM maT 2 SiG ion lS lee 133 
Water required, per cent..| 19 | 20] 15 ARS al Paes oe 17 2 eee 16 
I. Yazoo alluvium (buckshot clay), Clarksdale. 


II. Yazoo alluvium (sandy). 
III. Brown loam, Columbia formation, Pontotoc. 
IV. Loess, Batesville. 

V. ‘Joint clay,’’ Lafayette formation, Aberdeen. 
VI. Brick clay, Jackson formation, Jackson. 
VII. Siliceous clay, Claiborne formation, Vaiden. 

VIII. Pottery clay, Wilcox formation, Wilcox. 

IX. Residual clay from Selma chalk formation, Agricultural College. 

Nos. I-IX from Miss. Geol. Surv., Bull. 2, 1907. 


MISSOURI 


In the variety of its clays Missouri (Ref. 8) stands well up towards 
the head of the clay-producing States. 
at the map (Tig. 134), the clay-bearing formations range from Cambrian 
to Pleistocene, exclusive of Cretaceous, and Jura-Trias. 

A discussion of the clays by formations is not perhaps wholly satis- 
factory, but is better in order to maintain uniformity of treatment as 


far as possible. 


As can be seen from a glance 


PaLEozoic LIMESTONE CLAYS 


These consist of four kinds, namely, kaolins, flint-clays, ball-clays, 


and stoneware-clays. 
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These, together with 


are: 


MISSOURI 
Kaolins.—The Missouri kaolins occur south of the Missouri River 


(Fig. 134) and are separable into three districts. 


the formations in which the kaolin occurs, 
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Southeastern district of Cape Girardeau, Bollinger, and Howell 


counties, in Ordovician and Cambrian limestones. 
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Central district of Morgan and Cooper counties, in Ordovician lime- 
stone. ae ore 

Southwestern district of Aurora and Lawrence counties, in Mississip- 
pian limestone. 

According to Wheeler, the kaolins appear to be the insoluble fine 
residual matter left by the removal by solution of heavy beds of lime- 
stone. Only those of the southeastern district have been worked, and 
these to but a limited extent. The output has been sold for use in the 
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Fria. 135.—Map showing distribution of Missouri kaolins. (After Wheeler, 
Mo. Geol. Surv., XI, p. 200, 1896.) 


manufacture of white ware, paper, or kalsomine, and Glen Allen is the 
most important locality. 


Higu Autumina Furnr Crays 


Wheeler (Ref. 8) in 1897 called attention to a remarkable series of 
flint-clay deposits found chiefly in central Missouri (Fig. 136). The 
deposits are usually basin shaped (Fig. 137) and occupy depressions in 
the Paleozoic rocks. In Crawford and Gasconade counties they appear 
to be in Pennsylvanian sandstones, but Wheeler refers to others which 
are in limestone. While some of the deposits show only a fine-grained 
flint-clay of typical character in others the flint-clay may have oolitic 
bodies scattered sparingly through it or grade into a phase which is 
largely oolitic. These oolites are made up of the mineral diaspore, and 
consequently when present in great quantity the clay runs very high 
in alumina. Indeed these diaspore clays have become the basis of a 
rather important local clay-mining industry. 
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5 a. 5 i 10 - 15 MILES 


Fra. 136.—Map showing flint clay area of central Missouri, and location of pits x. 
(USS: Gas: Bulls 708) 1922,) 


Fig. 137.—Pit in flint and diaspore clay district near Owensville, Mo. (H. Ries, 


photo.) 
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The following partial analyses were supplied by M. H. Thornberry 
of the University of Missouri: 


| 
I Il Ill IV Vv VI Vil 
SIO Ree acne 11.50 18.84 10.15 6.24 3.60 1.68 13.54 
KOS « adtons 74.03 | 62.69 | 72.87 | 68.02 81.68 | 68.96 71.83 
INS Oe ae 60 aoe Oi 1.21 84 12.48 1.32 9.28 iN 
De micHomeny seni 13.20 13.77 14.95 13.10 13.72 Aerie ib ALTAL 


The diaspore clay is of value in the manufacture of refractory 
products. 

Stoneware-clays.—These have a similar origin to the fiint-clays, 
but are less pure and have not heen consolidated by secondary chemical 
changes. They are of local extent, and are found in rocks ranging from 
the Lower Carboniferous down to the Cambrian, but the Burlington 
and Trenton limestones appear to be the most favorable situations. 


COAL-MEASURES 


The Coal-measures of Missouri contain two important series of 
deposits, namely, plastic fire-clays and impure shales. 

Plastic fire-clays——All of the Missouri plastic fire-clays occur in 
the Carboniferous, at the base of the Coal-measures, and are found 
in the eastern part of the State in two different basins known respect- 
ively as the St. Louis and Mexico areas. The former is on the western 
edge of the eastern interior coal-field, and the latter on the eastern edge 
of the western interior field. 

In the St. Louis basin there are several beds of clay and shale, but 
only the St. Louis fire-clay seam is refractory. This has an average 
thickness of 6 to 8 feet, with a sandstone floor, a thin bituminous coal- 
roof, and is worked by shafts or adits. It is hard when fresh, but dis- 
integrates on exposure. 

A special grade known as pot-clay comes from a purer and more 
uniform seam near the middle or top of the bed. 

The St. Louis clay is coarse-grained, often carries pyrite, and although 
high in iron, still the latter is uniformly distributed and finely divided. 
The range of physical properties of this clay is given by Wheeler as 
follows: average tensile strength, 80 to 150 Ibs. per square in.; air-shrink- 
age, 6 to 9 per cent; fire-shrinkage, 4 to 8.5 per cent; vitrification at 
2300° to 2450° F.; viscosity, 2500° to 2700° F. This clay is much used 
for glass pots, zinc-retorts, and gas-retorts. It also makes a durable 
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Fig. 138.—Flint clay, from Missouri, 


Fig. 189.—Diaspore clay from Missouri. Note the oolites. 
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fire-brick if not exposed to excessive heat, as its fusion-point does not 


exceed cone 30 or 31. 


The average composition of seven clays was as follows: 


AVERAGE Composition oF St. Louis FirE-cLAY 


Mine-run Washed 
Combined silica (SiO2)........- 32 32 
Veiga ibis, (S1OW). 5 chee and oes 30 25 
iNiueaamne) (UNIO) osc. nco0 os o4e 24 24 
Ferric oxide (Fe.O3).....-...-- 1.9 1.85 
Herrousioxide:(HeO)e sense eine 122 1.00 
Wimes(CaO) Rrra acreetacrciencr eee il AV 
Maenesian (Vic @)pereree tee 3 2 
Rotasha (Xe ©) serrate ieee -5 D5 
oC RMON EON ame ah ecouoedenane. 2 .10 
SUNOS) nc. comghe eedoenaaes ao | 18 
Sulphur trioxide (SO3)......... a5) .40 
Weniere CEO eee occu vsoncce< 10.5 | ake 
Moisturestee a: Sooner Sees Dell | 3 
Total fluxes 7s. c.-paet ae eee ee 5.5 | 4.8 


The Mexico clay includes one bed which is worked at Fulton, Mexico, 
and Vandalia. It ranges from 6 to 40 feet in thickness, but only the 


PuysicaL Test or CHELTENHAM FrreE-cLay, St. Louts, Mo. 


il II Ill IV Vv 

WNERIGW? OH OMNI so co oe co woo ee 31.14 | 48.63 4.66 | 29.54 | 25.52 
Violumerstines hin katy cee 38.42 | 43.63 2.63 | 37.02 | 28.52 
Modulus of rupture, dried clay, pounds 

[SP CWEMO UNO, yo Soaccccnesnnan sat 838 328 990 575 489 
Modulus of rupture, clay 1:sand 1, pounds) | 

Detesquaresio chien 399 351 554 SDL 263 
Temperature vitrification, °C......... 1290 | 1200 T2009 eee 1400 
Temperature overfiring, °C ........... | 1320 1430 1320 1320 1425 
Coney solteniney pointes 27 32 Did | Heeb aoe 3l 
Plaking time; minutes...........6000 0) 52 33 iliby/ 26 46 


Bleininger, A. V. and Loomis, G. A., Trans. Amer. Ceram. Soc 


I. Not a high-grade bond clay. 
Il. Promising as a crucible material. 
III. Not suitable for steel-melting crucibles or glass refractories. 


melting work. 


IV. Good plasticity, dries well. 


V. Good plasticity, dries well. 


Somewhat deficient in bonding power. 


» Vol. XEX, p, 601, LOL7- 


Should be useful for brass- 
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lower 6 to 12 feet are worked, and this through shafts. The range of 
physical properties is given by Wheeler as follows: Average tensile 
strength, 40 to 80 lbs. per square inch; air-shrinkage, 4 to 5 per cent; 
fire-shrinkage, 6 to 7 per cent; vitrification, 2400° to 2500° F.; viscosity, 
2600° to 2700° F. The average composition is also given by Wheeler 
as follows: 


SLT CAS Os \ ae nee Mire Wiener nee. EAP ote 1 arena ces 52.00 
pA Turmatims) CAs] s G)') eae eRe Ene PN Re hoe 33.00 
TSA Operas (MSO, chane ougetou Abo edleoen ae é WG 
Weimer CaO) eae ewe Ps oe ae re chien eee ti 
Ma onestan (Vict) Semerewenmmmeentrcine cr tpses crs sieen i 
Alkali esa (Nias OK ©) eee caresses a iveines case 12.00 
ELOtalilUxesnwe meni eo otters othe 3.4 


Stoneware-clays.—Those found in the coal-measures are the most 
important known in the State, including many clay- and shale-beds, the 
most extensive of which are found in Henry County. They have been 
much used by potteries in Kansas as well as other portions of the West 
and Southwest. The so-called fire-clays of the barren coal-rneasures 
are usually impure, and consequently fusible and likely to blister or 
give a dark body after burning. The true fire-clays have also been 
used to some extent for stoneware. 

Impure shales.— Many excellent beds of these are found in the coal- 
measures. They are all impure, but are eminently useful for making 
paving-brick, sewer-pipe, drain-tile, roofing-tile, terra-cotta, brick and 
hollow ware, but they are not usually pure enough for refractory goods, 
stoneware, or white ware, and their main use has been for paving-bricks. 
Nearly all of them make a fair grade of brick by any process of molding, 
but the majority have to be finely ground or weathered. 

In their physical properties the range is: average tensile strength, 
50 to 250 lbs. per square inch, usually between 125 and 175 lbs.; water 
required for tempering, 16 to 25 per cent; air-shrinkage, 4 to 8 per cent; 
fire-shrinkage, 1 to 10.6 per cent, but usually 4 to 6 per cent; incipient 
fusion, 1500° to 1700° F.; vitrification, 1700° to 1900° F. 

The range of chemical composition is given by Wheeler as: 


NSTC art (1 Oy) pees aces Aerie ar ees ae rh 50-75 
I Nivicanneey (CUO RS, a cutest O oan, Toten AeA mint eye 10-27 
iftermue vopatetes (MSXO8)) . 6 ack haa bn eoonedtaneonvor 3-10 
imes( CaO) ee eye cree are ee calwra wens @etcesyy Sele .5-2 
Miarmesia, CNURO) sas 0co coed copvcoosuancounce 5-2 
“Allicailiiesa (Nias ©) 1, ©)) Berrie eee sacronio ee 3-4 
VW iartera( el) ape eerie eee gen ete oe ae Meee 5-12 


otaltluxestre ce arc aint cre ere coe 10-15 


478 MAINE—NORTH CAROLINA 


TERTIARY 


The Tertiary beds occupy a small area in the southeastern corner 
of the State. Some of the deposits now worked in Butler county 
showed a thickness of 59 and 80 feet. The clays contain disseminated 
lignite, and dolomite concretions; they are used as a bond for abrasive 
wheels, in floor, wall and decorative tile, in electrical porcelain and 
sanitary ware. The iron stained upper clay is used in saggers.? 


PLEISTOCENE 


Pleistocene clays are widely scattered over the State, and form the 
main supply of material for common brick, although a few are suffi- 
ciently pure and plastic for stoneware manufacture. 

Three types are recognizable: 


1. Loess-clays, confined mostly to the neighborhood of the larger 
streams, especially the Missouri and Mississippi. They are yellow to 
brown in color, unstratified, and often of columnar structure. Their 
thickness is considerable, 75 to 100 feet being common along the lower 
Missouri, while at the Iowa line they have a thickness of 200 feet. The 
loess extends from 3 to 10 miles back from the streams, and appears 
to get stronger as the distance from the rivers increases, this change 
interfering with its being worked by the mud process. It is, however, 
the most valuable of the surface-clays. 

2. Glacial clays, of varying character, confined to the counties north 
of the Missouri River, and rarely over 50 feet thick. The material is 
usually very strong, red-burning, and often contains bowlders or con- 
cretions, but occasionally shows beds of better clay suitable for stone- 
ware or drain-tile. 

3. Alluvial clays, found along the present streams, and of little impor- 
tance. 

The tables on pp. 479, 480 give the analyses and physical tests of a 
number of Missouri clays which may be regarded as representative.2 


* Buehler, H. A., Ceramic Age, IX, p. 50, 1927. 
* These were selected for the writer by Prof. H. A. Wheeler. 
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Ansuyses or Mrssourt Ciays 
a ULTIMATE ANALYSES 
I II III IV Vv Wal WANE 7 WANA 
Silica (Si@sice ce... 2. 55.12) 72.30) 54.90) 74.39) 43.82) 71.94] 54.80] 72.00 
Alumina (AIsO3)2-...4..| 30.71) 18.94! 18°03) 12.03)-38.24) 17.60) 23.73) 11.97 
Ferric oxide (Fe.O3)....| 1.51) 0.40) 6.03] 4.06) 0.23) 2.35) 8.67) 3.51 
Mime (CaO oo jccot ewe 0.54; 0.68) 2.88) 1.50) 1.93] 0.62) 0.64) 1.80 
Magnesia (MgQO)....... wae | Osk9) Ua WAL sg. oe O50), BAB 1 BS 
Roch (KsO)is. 6.54 chon \ A 
eae (NAO)... pis7 OFZ IS 40) Srl SON al Poli eS SOs. 25 
INDSY SHU TR Seatac echt a AER Bien eee ue ORT OPALE free atl ee 08 LOT ewes es eperae 
Combs water. ..cc. 0... 10.56} 7.04) 6.90) 3.17] 14.94) 5.27| 6.00) 6.42 
Ix xX XI XII DQMAE | OSOINY XV 
EEA (SrOs)! saya. cieciea ee 49.04 | 65.01 | 61.19 | 59.36 | 60.70 | 73.92 | 43.56 
Alumina (Als@s) ea... 52.80) | 195300) F5.48 1) 23226 | 183227) 11.65) |) 41 48 
Ferric oxide (Fe.O3)....} 0.71 4.91 5.49 BCS | 7 Aa | Bae Ones 
ime: (CaO) cn. sa eee.- 13333 1.40 1.95 0.65 2.68 1.45 0.45 
Magnesia (MgO)....... 1.04 0.40 1.56 0.42 | trace OSB Ne 6 os ac 
Ocashy Close acceso \ : 
0.8 moo 0 . . . 
Poda(NasO)..:... sc. je 5 2.60 2.8 0.68 Snow Sapte 0.20 
itaniezoxtdesC EO ss select cis dltreiereeccalin ean a TOUS ee eer leresre as le aes 
Stull oven talons (SOR Ils Aca col coaseelenes aac OPO Ie reac tcl teats che bal\erosainars 
MNOISHUTC Seon ee Asencio nes 1.08 3. iil AH Rete hae he ee ed 2ALS St eee 
Combs water. ..-2s.....| 12.33 Deol 9.02 | 10.20 0 3.08 | 14.05 
PHYSICAL Tests or Missouri Crays 
I II III IV Vv VI VII | VIII 
SIZCVOR STATIN gu. skp sic a: (Gp) Nels) WEIR C. Wolf Wal || IBS P18 
Average tensile strength, 
pounds per square inch.| 62 12 380 131 8 150 Iss 151 
Per cent H;0 for plasticity) 14.8 | 23.2 | 22.3 | 17.2 | 15.1 | 16.5 | 21.5 | 18.4 
IRIE i iors Oe eee lean | lean | very | lean | very |plastic| plastic} lead 
plastic lean 
Air-shrinkage, per cent...) 4.4 | 4.0 | 9.6 |] 5.7 | 3.1 ‘Ono Oy) || 5,1! 
Fire-shrinkage, per cent..| 6.4 8.4 ia! AL By || LLG PA Dies || 0 
(Syateteol’ so tueae cicero R. 8. 8. R. 8. 8. VSS eR: 
Incipient fusion, ° F...... 2200 | 2200 | 1600 | 2000 | 2350 | 2100 | 1500 | 2000 
Complete fusion, ° F.....| 2400 | 2500 | 1750 | 2000 | 2700 | 2300 ; 1700 | 2200 
Wikeosiiig, OUsoracooanccnol| AOUW We oo ae 1900 | 2300 | 2700 | 2500 | 1900 | 2200 
Specific gravity......... PANG) || aS |) PADI) PASO) PA eis | Ph eye | Baie | O4 alrg 


* C,=coarse; V.F.=very fine; = fine; S.=Slow; R.=rapid; V.S.=very slow. 
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PuysicaL Tests or Missourr Cuiays (continued) 
Ix x xa XII SORE |) DY || ey 
SD OF ERBWN, oocnsncance V.E. (€; Ven C. ©. C. F. 
Average tensile strength, 
pounds per square inch.) 198 92 273 78 177 173 13 
Per cent HO for plasticity, 23.4 18.4 | 23.1 15.0 20 iia | aly, 74 
IP 1as GICiiiy geen eee plastic | slightly| very lean | plastic | plastic) very 
lean | plastic lean 
Air-shrinkage, per cent...| 7.7 iS. 92 8.0 6.3 tiers ae 2.4 
Fire-shrinkage, per cent. .| 9.8 3.5 1.5 5.4 8.3 5.5 8.9 
Speed? wa seer octane Ss. 18% V.S. Re R. Re Ss. 
Incipient fusion, ° F..... 1800 1850 1650 | 2250 1700 | 1800 | 2400 
Complete fusion, ° F... 2100 | 2050 1800 | 2450 1900 | 1950 | 2700 
Watseosiniys, 1s oo soar aero 2400 2250 1950 2650 2100 | 2050 | 2750 
Specific gravity......... TCO 224 E22 Deel ee 1.98 | 2.39 
* C,=coarse; V.F.=very fine; F.=fine; S.=slow; R.=rapid; V.S.=very slow. 
LocaLiTIEs OF THE PRECEDING 
NG: Tecatity Geological | i 
age 
LPM Oxi 0. eitcia acacia ea eee eee eee Coal-measures | Fire-brick 
Tg e.Glen vA llemee erie cian) oe eee eee Residual... .. White ware 
TE Norbornem ceeds. eee oe eee Pleistocene. ..| Railway ballast 
IVelevetiersonl Cit yeesee neta ee eee Coal-measures | Red brick 
Vel) Leas ure sacccc a ta nes) Sete eeg acide ee Seed | eee Fire-brick 
VA seCal bounce 3. Ona it ota ee eee eee ee Coal-measures | Stoneware 
WLS e iansac City aes aa ee ee Coal-measures | Paving-brick 
VIDIO IE Kansas: City aan eee ee Coal-measures | Red brick 
LX DeuSotoisaacs rer y eee ea an cee ee ann Residual... .. White ware 
XhMM oberlyaie ths aeer mi. maine ee ae ee Coal-measures | Paving-brick 
XML Ste, Peters eee ener a pee hee Cee Pleistocene. ..| Railway ballast 
XII | St. Louis (Evens and Howard).......... Coal-measures Fire-brick 
XIII Prospect Hill, Side Ubrolvh Sia oe Soe aaa an es Coal-measures Roofing-tile 
SIV Gist Louis (Hyd. Bry Cons ne eee Coal-measures | Red-brick 
XV | Truesdale (Kelley’s pit)................ Coal-measures | Fire-brick 
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MONTANA 


Montana has never assumed prominence as a producer of clay prod- 
ucts, and there is but little published information on the clays of that 
State, although the presence of good ones will no doubt be demon- 
strated when the demand for them develops. 

Common brick-clays are known to occur in many parts of the State, 
but the only fire-clay district of importance which has been developed 
is that lying in the eastern part of Cascade County. 

In this region the Kootenai formation of the lower Cretaceous 
is known to carry important deposits of refractory clay, which have 
been worked at Belt and Armington, small coal-mining towns lying 
in the northwestern part of the area. 

The section of the Kootenai formation in this area shows about 
450 feet of sandstones and shales. Near the center of the section is a 
bed of fire-clay which was formerly mined, while about 100 feet above 
the base of the section is a bed of plastic clay, which is now extracted 
in considerable quantities. Although the clay is found at a number 
of points, it does not represent a continuous deposit. Moreover, the 
beds, while appearing horizontal to the casual observer, are bent into 
a series of very gentle folds and also broken in places by small faults, 
having a throw of from 5 to 15 feet. 

The plastic clay is shipped to Anaconda where it is used for the 
manufacture of fire-bricks to supply the large smelters at that locality. 

The following analyses, given by Fisher, represent the composition 
of the plastic fire-clay: 
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ANALYSES OF Fire Cuays From Bett Recion, Montana 


I II 

Since (SHO), oo nnn anoddodoroes epic || oper dl, 
MaiMIe, UNE OM eanacacsacossea| oWarsy 27 .20 
Ferrous oxide (FeO)......-..-.. OVSGo Wien nari 
Herric oxide (Hec@s) ares r/o erent 5.00 
ane (Ca©) Serer ere 0.40 tr 
IMarnesran(MicO)seeee nee eraee 1203 ti 
Ferric sulphide (FeS2)........-- 7 te ae ra Be, are 
Socks; (NAO) oo. ccoccocbondcsue 0.26 |.......-- 
Potash (GO) eee eee 1.04 | 2.90 
Sulphur trioxtdes(S Os) rere aeerar 0.30 
Mos tire cies ee oeresne eran MRS OR Pe 
IhsanMoM IO, no oascs¢onsecno 7! 6.86 10.00 

otal ce. uaecncreere ce eters tens 99.82 99.10 


I. Analysis of clay worked by Anaconda Copper Mining Co. at Arlington, and sampled by C. A. 
Fisher. 


II. Analysis of clay from same district supplied by Anaconda reduction works. 
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NEBRASKA 


According to E. H. Barbour (Ref. 1), this State contains an abun- 
dance of clays, the most important being found in the Carboniferous and 
Dakota Cretaceous formations, while others occur in the Tertiary and 
Quaternary. 

CARBONIFEROUS 


The rocks of this formation (Ref. 2) occupy a V-shaped area in 
southeastern Nebraska, with the apex in the vicinity of Blair, and the 
base along the Kansas-Nebraska line from a point near Wymore to the 
Missouri River. The ¢ arboniferous, including the Permian, consists 
of massive grayish-yellow limestones, interstratified with clays, shales, 
and an occasional layer of coal. “ The clays are usually of a dull-blue 
color interbedded with streaks of red ; i 

streaks of red and buff-colored sands 
are also thin layers of disintegrated limest lei ne Ma ae 
era nestone, calcite concretions, and 
sand... 
(a4 Fre 7 5 O ee . . 
oe See these thick deposits of clay form prominent bluffs along 
either side = valle S iste i i 
of the valley for some distance, especially where the clay is 
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protected from erosion by some overlying layer of a somewhat harder 
material, such as limestone. . . . There are also many other available 
clay-banks along the Platte and Missouri rivers, notably at Nebraska 
City, where extensive brick-works are in operation, utilizing the clays 
of the Carboniferous for vitrified paving-brick. Terra-cotta ware has 
also been made here. Other localities where the clays are well exposed, 
and in some cases worked, are Minorsville, Peru, and Table Rock.” 
Nearly all of the best deposits along the Missouri River in southeastern 
Nebraska are located along the Nebraska City branch of the Burlington 
and Missouri Railroad. 


CRETACEOUS 


The Dakota formation rests stratigraphically on top of the Carbonif- 
erous, with an unconformity between. The surface underlain by it is on 
the west and northwestern sides of the Carboniferous area, forming 
a strip about 30 miles wide and 200 miles long. It also forms a belt 
along the Missouri River north of the Carboniferous area. The for- 
mation consists of a series of shales and sandstones, but the latter, 
owing to their higher resistance to erosion, stand out more prominently, 
so that the mellowed outcrops of the shales are less noticeable. These 
shales vary from a sandy material of yellowish-brown color to highly 
plastic clays, the different beds showing a great variety of colors. 
Lens-shaped layers of sandstone are, however, not uncommon in the 
shale. These Dakota clays are available at many localities, and are 
said to have given excellent results for both pottery and brick manu- 
facture. 

The Graneros shale is not used, but the Carlile shale is worked at 
Superior for Portland cement manufacture. The Pierre shale underlies 
a large area in the western part of the State, but is mostly covered by 
Tertiary and Quaternary deposits. No use is made of it. 


Lorss AND ALLUVIUM 


The great bulk of brick made in Nebraska are manufactured from 
loess and alluvium (Ref. 3). The loess, or “ bluff-deposit,” as it is 
commonly called, consists of a light buff-colored loam, of generally uni- 
form texture, but containing some shells. It is found over about half 
the area of the State. 

Glacial drift clay is used at a few localities for making common brick, 
and has sometimes been mixed with the loess. 

The alluvium or valley-wash is a dark-colored soil of very fine tex- 
ture, with interbedded layers of fine sand and gravel, and is being depos- 
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ited at the present time in narrow strips along nearly all the large streams 
in the State. This alluvial clay is sometimes used for making common 
ted brick. 


REFERENCES ON NEBRASKA CLAYS 


1. Barbour, E. H., Preliminary Report of the Clay Industry of Nebraska, Nebr. 
Geol. Surv., Vol. IV, p. 441-493, 1917. 
2. Gould, C. N., and Fisher, C. A., Ann. Rept. Neb. State Board of Agric. for 1900, 


p. 185. 
3. Fisher, C. A., Ann. Rept. Neb, State Board of Agric. for 1900, p. 181. 


NEVADA 


Nevada is of little importance as a clay-producing State, and what 
little information has been published relates chiefly to isolated deposits 
of a unique character. 

White-burning refractory clays have been reported from several 
localities in Nevada, but there has been no steady production of this 
class of material. 

Near Oreana there is said to be a large deposit of white gritty kaolin 
which occurs as a fault gouge in rhyolite. About 25 miles east southeast 
of Lovelocks there is a sedimentary deposit of hard, white, gritty clay 
75-100 feet thick. It apparently belongs to the Paleozoic series, but 
some of its properties may be due to weathering (Ref. 1). 

Near Beatty, Nev. (Ref. 2), there is a peculiar clay which resembles 
bentonite in that it swells when placed in water and is said to contain 
a large amount of colloidal material, but mixed with this there is also 
some hard, gritty substance. In composition it resembles hydrated 
feldspar with small amounts of impurities. Tests indicate that it may 
be used in bodies, glazes, and enamels. There is no reliable information 
as to its extent and geologic occurrence, but it is said to occur in six 
vertical veins 6-10 feet thick. 


REFERENCES ON NEVADA CLAYS 
1. Buwalda, J. P., U.S. Geol. Surv., Bull. 708, p. 121-126, 1921. 


2. Cox, P. E., and Moulton, D. A., A New Raw Material for Ceramic Uses, Jour. 
Amer, Ceram. Soc., Vol. VI, p. 937-939, 1923. 


NEW JERSEY 


Nearly all of the larger geological formations in the State contain 
deposits of clay, but the important ones belong to the following: Ordo- 


vician, Triassic, Lower Cretaceous, Upper Cretaceous, Miocene and 
Phocene of Tertiary and Pleistocene. 
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CAMBRIAN AND ORDOVICIAN 


The Cambrian and Ordovician rocks include beds of limestones and 
shales with some beds of sandstone and quartzite, and occur chiefly in 
Warren and Sussex counties in the great Kittatinny Valley, but are 
found also at a few other localities. Southwest of the terminal moraine 
(Fig. 140) the limestone yields a sticky yellow residual clay with flints, 
and that worked near Beattystown is of this character. The shale, 
also, where found south of the moraine is often deeply weathered, and 
at Port Murray is utilized for the manufacture of fireproofing. There 
it is found to be red-burning, of low plasticity, and fusing about cone 1. 


TRIASSIC 


The Triassic or Newark series consists chiefly of red shales and sand- 
stones with masses of trap-rock, and forms a belt extending across 
the State between the Highlands on the northwest and Cretaceous on 
the southeast. In places the shale has disintegrated to a sandy clay- 
soil, which has been used locally for common brick, but the fresh shale 
has in most cases been found too sandy to make into clay-products, 
although at one point, Kingsland, the shales have been used with appar- 
ent success. They burn to a hard red brick, but fuse at a low cone, and 
are not highly plastic. 


CRETACEOUS 


The New Jersey Cretaceous is divisible into three parts, which, begin- 
ning at the bottom, are: 1. Clay series of Lower Cretaceous; 2. Clay- 
marl series of Upper Cretaceous; and 3. Glauconitic marl series (see 
Fig. 140). Of these three, the first contains many important clay- 
deposits, the second some clays of economic value, but the third is of 
no interest in the present discussion. 

Lower Cretaceous clay series.—This was termed the Raritan or 
Plastic Clay series by Dr. Cook (1878) and consists of a number of beds 
of clay, sand, and even gravel. The clays show great variety, ranging 
from nearly white or steel-blue fire-clay of high quality to black sandy 
clays containing varying amounts of pyrite, and useful only for common- 
brick manufacture. A similar variation is found in the sand-beds. A 
peculiar feature of the Raritan series is the rapid alternation of strata, 
so that the clays often change suddenly, both vertically and horizontally, 
much as shown in Fig. 5. This fact often makes it uncertain whether 
two pits sunk within a short distance of each other will yield the same 
kinds of clay. 
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Fia. 140.—Map of New Jersey showing distribution of important clay-bearing 
formations. (Adapted from map by Kiimmel and Knapp, N. J. Geol. Surv., Fin. 
Report, VI, 1904.) 
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Fia. 141.—Pit of Raritan (Cretaceous) clay, Woodbridge, N. J. (After H. Ries, 
N. J. Geol. Surv., Fin. Rept., VI, p. 340, 1904.) 


soit. ets. 


Fic. 142.—Clay-loam deposit of shallow character, west of Mount Holly, N. J. 
(After H. Ries, N. J. Geol. Surv., Fin. Rept., VI, p. 122, 1904.) 
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Notwithstanding these frequent changes in character and the 
impossibility of establishing divisions in the Raritan series which can 
be accurately identified at widely separated intervals, it is possible, 
nevertheless, to recognize certain divisions, whose general features are 
sufficiently persistent to permit their being traced throughout the region 
of Middlesex County in which the beds have been so extensively worked. 
In other areas these subdivisions do not seem to hold. 

The boundary between the upper part of the Raritan clays and the 
overlying clay marls is easily recognized, the upper bed of the former 
being a loose sand or sandy clay, while the lower bed of the latter is 
a glauconitic clay, black when fresh, but rusty brown when weathered, 
and often fossiliferous. Underlying the Raritan beds is the Triassic 
shale. 

The Raritan series occupies a broad belt (Fig. 140) extending from 
Raritan Bay across the State to Trenton and Bordentown, and a much 
narrower strip along the Delaware River to Salem County. Over most 
of its outcrop across the State it is covered by later formations. 

In the Middlesex County area the Raritan is divisible into nine 
members, which, beginning at the bottom together with their characters, 
are as follows: 

1. Raritan clays. This member carries both a fire-clay and potter’s 
clay. The former is usually drab, but sometimes mottled or black, 
and generally quite sandy. It is dug around Sand Hills, and sparingly 
at Woodbridge and Mill Brook. Its main use is for fire-brick, and its 
refractoriness is usually about cone 27. The potter’s clay is a white 
or bluish-white clay of variable color and composition. It is worked 
east of Martin’s Dock and south of Metuchen. 

2. No. 1 fire-sand, a bed of quartz-sand. 

3. Woodbridge clays. This, the most important member of the 
Raritan series, consists of an upper bed of black, laminated sandy clay, 
and a lower bed of fire-clay. The laminated clay is red-burning, plastic, 
and contains more or less lignite and pyrite; it is extensively worked 
for the manufacture of fireproofing, common brick, conduits, ete., and 
large pits have been opened in it around South River, Sayreville, and 
other points. 

The fire-clay ranges from a fine-grained clay of high plasticity and 
high refractoriness (cone 35) to sandy clays of lower grade fusing at 
cone 27. It can be stated in general that the bed is less refractory at 
the southwest end. This clay is used in the manufacture of fire-brick, 
pressed brick, retorts, stoneware, and as an ingredient in fireproofing 
and conduits. A small amount dug near Woodbridge is sufficiently 
white-burning and refractory for white-ware manufacture, 
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4. No. 2 sand. Included in this sand formation are two important 
beds whose names are somewhat misleading, namely, the feldspar and 
kaolin beds. The feldspar is a coarse feldspathic sand or gravel with 
more or less decomposed feldspar and pellets of white clay, while the 
kaolin is not in any sense such, but is a micaceous quartz-sand. 

5. South Amboy fire-clay. This outcrops chiefly south of the 
Raritan River between Sayreville and South Amboy, but is also found 
at several points north of it. It is generally a white, light blue, or red- 
mottled clay, ranging from 15 to 30 feet in thickness, and varying greatly 
in its quality. Its refractoriness is moderate. 

6. No. 3 sand. 

7. Amboy stoneware-clay. An important bed of stoneware-clay, 
best exposed southeast of South Amboy. Like the other members it 
is of variable character, but the better grades are used for stoneware. 

8. Laminated sands of little value. 

9. Cliffwood lignitic sands and clays. These form a series of beds 
of massive black clay and gray-black laminated sands and clays, which 
often carry lignite and pyrite. They are extensively exposed in the 
brick-pits around Cliffwood and along Cheesequake Creek, and are all 
red-burning. 

The other Raritan areas, around Trenton, Burlington, Bordentown, 
Bridgeboro, etc., afford clays of refractory character, but it is not possi- 
ble to correlate the sections with those of Middlesex County. The 
Raritan formation is by far the most important clay-bearing formation 
in New Jersey, containing as it does such a wide range of materials. Even 
a hasty consideration of the uses to which they are put indicates in 
a measure what a wide range of materials must be contained within the 
limits of the Raritan strata, for among the products made from these 
clays are common brick, fireproofing, drain-tile, conduits, terra-cotta, 
front brick, fire-brick, stoneware, earthenware, tubs, and sinks, foun- 
dry materials, paper filling, etc. The physical tests and chemical 
analyses on pp. 492 and 493 will serve to give a good idea of their 
character. 

Clay-marl series.—The outcrops of this series extend from the shores 
of Raritan Bay across the State in a southwest direction to the Delaware 
River north of Salem, forming a belt varying in width from 2} to 8 
miles. Its base is marked by a glauconitic sandy clay which weathers 
to a characteristic cinnamon-brown, indurated earth. The top is 
emphasized by the passage of a bed of loose reddish sand with quartz 
grains of pea size into a compact greenish marl. At many points a fossil 
bed 1 to 4 feet thick is present. Five members are recognizable as 
follows: 
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1. Black, sandy, often glauconitic clay, weathering cinnamon- 
brown. 

2. Black, non-glauconitic clay, weathering to chocolate. 

3. Varicolored sands. 

4. Black laminated sand and clay, strongly glauconitic to the south- 
west. 

5. Red quartz-sand. Top. 


Both Nos. 1 and 2 are important sources of brick- and sometimes 
tile-clay, the former being worked near Camden, Keyport, Hightstown, 
etc., and the latter near Matawan, Kinkora, Maple Shade, Camden, ete. 
Indeed, the two are sometimes worked in the same or adjoining banks. 


TERTIARY 


The Tertiary clay-deposits occur in scattered areas lying to the south- 
east of the Lower Cretaceous belt. They are beds of irregular form, 
with a tendency towards basin-shaped structure. Owing to the almos’ 
universal mantle of sand over this region and the flatness of the surface 
prospecting for the deposits is rendered more or less difficult. 

The clay-deposits recognized in the recent work of the New Jersey 
Geological Survey are the Cohansey, Alloway, and Asbury clays. The 
Cohansey is really a sand formation, but carries many lenses of clay 
which average 8 to 10 feet in thickness. They occur in the southern 
portion of the State, in Ocean and Atlantic counties, in southern Burling- 
ton, Camden, and Gloucester counties, and in central Cumberland coun- 
ties. Deposits have been worked at Rosenhayn, Millville, May’s Land- 
ing, Woodmansie, Whitney’s, etc. The clays are white, yellow, choco- 
late, and black, and sometimes even lignitic. Many are buff-burning 
and semi-refractory, on which account they are much sought after for 
the manufacture of buff bricks and terra-cotta. 

The Alloway clay, which extends from near Swans Mills, Gloucester 
County, to a point two miles south of Alloway in Salem County, is a light- 
brown clay, of great toughness and high plasticity. Where weathered 
it contains many joints often filled with iron crusts, which greatly diminish 
its value. The Alloway clay is a red- and dense-burning material, of 
rather high air- and fire-shrinkage, but excellently adapted to the manu- 
facture of stiff-mud brick and drain-tile. 

The Asbury clay is well exposed west of Asbury Park, and is usually 


a dark sandy clay with lamine of sand, adapted only to common-brick 
manufacture. 
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PLEISTOCENE CLAYS 


Pleistocene clays are widely scattered over the State. To the north 
of the terminal moraine (Fig. 140) they consist of first, basin-shaped 
beds occurring in the valleys; second, stony clays or till found in the 
glacial drift (Fig. 10); and, third, estuarine clays, occurring in great 
abundance in the vicinity of Hackensack. They are all impure materials 
adapted in most cases only to the manufacture of common brick or 
drain-tile. 

In the region south of the terminal moraine the most important 
clays are those of the Cape May formation. These clays occur in a sand 
and gravel formation, found underlying terraces along the rivers from 
the coast inland to an altitude of from 40 to 60 feet. Along the Dela- 
ware River they are specially prominent, but other points are Cohansey 
Creek near Bridgeton, the Maurice River south of Millville, ete. The 
beds of clay are usually of limited extent and grade into sand. 

The Cape May clays are of value chiefly for the manufacture of red 
brick and drain-tile, but occasionally small lenses of buff-burning clays 
re found. 

Up to the present time no fire-clays have been found in the Cape 
May formation. 

In the following tables will be found the analyses and physical tests 
of a number of representative samples of New Jersey clays: 
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AwnazysEes oF New Jersey Ciays 
| 
Tae vgs aie EL oe amy, Vv VI 

Si vats RA Sane Ane n Gee wee ceom cane \ 66.67 | 66.66 | 77.72 | 72.37 66.12 { 1.50 
Combined Silica (SiOz) ...... i ‘ 42.90 
iNuTaaET), ONIKOR) acces ooo noun eos 18.27 | 14.15 | 15.74 | 14.40 | 22.07 | 38.34 
Ferric oxide (Fe2O;).........-- 3, di 3.43 0.49 3.43 1.31 0.86 
Times (CaO) ten eae eens ae 1.18 | 2.15 | trace OS75a POP 5O Mae eercers 
Viaenesian (Vig ©) eee treet ere 1.09 0.38 0.81 0.49 O25 eee eee 
Potashn(i: ©) yee eee 2.92 | 2.32 | trace | | 1 f 0.26 
Sodan(Niais©) Ramen tere ee SO Mele sSalmanace ‘eae eee 10.18 
Titanium oxide (1iQ,))......->- O85. cokes aloe sae eee 2c ee eee 1.20 
IfAMO Ns vochenavooseocongcoss 4.03 8.40 5.62 6.70 G4 NW AB2 50 
Mois tiire cieeetsctc ne fic ueahaic stete ell aus. rece avell ewener ecard cna keeenosH (a ec 1.10 

VII VIII IDS aX! xt XII 
San claret on. caer ee ere ec 5.20 \ f 8.10 \ ae 
Combined Silies (SiO) 7.....-/| 40.40 | "So. 50h eee ee eee 
Aluminan(AlOs)ieeccn. a. seo. a) OSe 400) 292080 36e04. \e2oczon oo ele aie eean 
Ferric oxide (Fe,O;)........... 20) 1.12 1.01 Bers 0.78 7a 
lente CORO same. vcs hon 6 ao ee De Pan ee Bele 5 eine LOOn® traces lentes 
IMaigmesi aa (Vic @) pease eee 225.0 |feeeee 0.04 | 0.67 | trace OF%s 
Rotashe (Ke ©) aap ee 0.59 | 2.64] 0.15 | 2.58 | trace 2.58 
Soda UNiaisO). sesame teu sres toh retiree alco esc ee ce 0280 “trace |=. eee 
Mitanim~oxde(hiO>) ees s) 2 ne IR yee ne 1.91 FOR 
Penition See eee eee eee 12°50 6.80 | 12.90 8.54 | 12.50 DOD 
Moistureane ey i ere eee Le SO0 ae sae Le 20 | ceeicreeee | eee eee 

XIII XIV XV XVI XVII 
DAN ent eee ee rae mer ec EE 45 76! 28.81 51.80 | 48.40 
Combined silica (Si0.)......... “O)) 31.12 1980.00 1 oat eee 
Alumina (Al,03)............... 39.05 26.95 18.92 21.83 17.87 
Ferric oxide: (He;O;)9. sea. trace 1.24 0.88 NY Be Pai 
Lime (CaO) Pas fie yan uc ee 0.95" ce eee 0.28 0.25 
Magnesia (MgO) Ede ccc: Ove weer 0.04 ON Ak were osc € 0.24 0525 
Potash (K20) RR ih .cha mete ora Oks trace trace 0.48 2.24 
Sodan (Ns; ©)) trace GLACE icc erate cere } arse 
Titanium, oxide (TiO; eae alae 1 90.18) s Sete | eee eee | See 
Ignition lesa hoe ew <r e 14.46 9.63 6.70 5.90 6.95 
Moisture... ji. ¢. :<.. . i nie: 0.57 0.50 OLSO0Mals 
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LOCALITIES OF THE PRECEDING 
No. Locality Geological Uses Ref. 
age 
ee bivile: Werrysaca. ie ee ae eee: Pleistocene....} Bricks........| B 373 
i eudcderosts Camcenteea ree i @lavalVicrl) le eS TiCksaeeaeeen| i b13 96 
JMG | Jeb, labwlivorn, IBN, 5 can enon oon IREWEREWO. G6 oo < Fire-bricks....| B 392 
IV | A. E. Burehem, Buckshutem..... . Cape May....| Bricks........| B 415 
V | Clayville Min. & Brick Co., Clayville] Cohansey.....| Conduits..... B 409 
Wil) || Geos Such, Burt Creek.).9,- 7. .- South Amboy, 
Raritan Ball-clay..... A 198 
VII | E. Roberts, Florida Grove........ South Amboy, 
Raritan..... No. 1 fire-clay | A 135 
VIII | Crossman Clay Co., Sand Hills....}| Woodbridge. ..| Top-white clay| A 145 
IX | R. N. and H. Valentine, Sand Hills.) Woodbridge...| Fire-bricks....| A 154 
X | Sayre and Fisher, Sayreville...... Woodbridge. ..}| Common brick | B 467 
XI | No. 1 fire-clay, Anness and Potter, 
NVood brid emma arene ae Woodbridge...| Fire-brick..... B 441 
XII | W. H. Berry, Woodbridge........ Woodbridge...| Sewer-pipe....| A 82 
XIII | W. H. Cutter, Woodbridge....... Woodbridge...} Ball-clay...... B 443 
XIV | W. B. Dixon, Woodbridge........ TREVANIENB so 5 3 5 « Fire-clay...... A 79 
XV | Extra sandy clay, Loughridge and 
Powers, Woodbridge........... Woodbridge... Fire-clay...... A 93 
XVI | S. A. Meeker, Woodbridge........| Woodbridge...| Stoneware-clay| A 99 
XVII | D. Haines & Son, Yorktown...... Alloway...... Brick and tile | B 496 


A, Report on Clays of New Jersey, 1878. 


The physical tests are given on page 494. 


REFERENCES ON NEW JERSEY CLAYS 


B, N. J. Geol. Sury., Fin. Rept., VI, 1904. 


1. Cook, G. H., Report on the Clay Deposits of Woodbridge, South Amboy, and 
other Places in New Jersey, N. J. Geol. Surv., 1877. 
2. Hollick, A., Minerals from Fire-clay Beds at Green Ridge, Staten Island, Amer. 
Nat., XXV, p. 403, 1891. 
3. Hunt, T. S., On the Origin of Clays on the Atlantic Seaboard, Amer. Inst. Min. 
Eng., Trans., VI, p. 188, 1879. 
4. Newberry, J. S., On the Raritan Clays of New Jersey, Amer. Assoc. Adv. Sci., 1869. 
5. Ries, H., Kimmel, H. B., and Knapp, G. N., The Clays and Clay Industry of New 
Jersey, N. J. Geol. Surv., Fin. Rept., Vol. VI, 1904. 
6. Smock, J. C., Mining Clay, Amer. Inst. Min. Eng., Trans., III, p. 211. 
7. Smock, J. C., Plastic Clays of New Jersey, Amer. Inst. Min. Eng., Trans., VI, p. 
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PuyrsicaL Tests or New Jerspey CLays 


I Il Ill. IV Ve 
Per cent water required............--- 18.5 2 20 32 33 
Air-shrinkage, per Cent... --%...------ 2 2 5.3 v6 Ba 
ESIGN TS Bbdiac noo neotan.t% o0'.d8 yous low fair fair fair fair 
Average tensile strength, lbs. per sq. in.} 51 150 65 52 33 
Cone 05 Fire-shrinkage, per cent.. ... eG 2 1.3 _ —- 
a Absorption, per cent........ 16.14 6.56 — _- — 
CG 1 Fire-shrinkage, per cent.. ... 4.6 — — 3 — 
es Absorption, per cent. ....... 8.82 — — 19.69 ~- 
CG 5 Fire-shrinkage, per cent. ....| 7 = 1.3 5 6.2 
ue Absorption, per cent........ 3.26 = 14.52 | 16.75 — 
G 8 Fire-shrinkage, per cent. ....) — — 2 — 14.6 
ore Absorption, per cent........ — — 12.82 = 7.14 
ConevOlevascOsiby-.eeee ioe ener — 1 27 27+ | 44 
Colormwhenypurned Serratia red red buff buff white 
VI Vil VIIl IX xe 
Per cent water required.............. 33 33 30.5 Mia 5) 20 
Ani shrim kag ey Ppericenit. te.) ters teeter 4.4 5 7 6.5 6 
Plas GICLDY te ee eet ee eke eect eee ea oe fair fair good | good good 
Average tensile strength, lbs. per sq. in. 48 41 72 88 156 
Conn Fire-shrinkage, per cent. ....| — = -—- 1.5 1.3 
“ | Absorption, per cent........ — — — 17.93 | 16.54 
Cane Fire-shrinkage, per cent. ....| — — 6.6 3 2.6 
Absorption, per cent........ — — TOLL) |S USS6l S eleanes 
Canes Fire-shrinkage, per cent. ....| 13.6 Cok 7 Seitl 2.3 
; Absorption, per-cent........| 7.0% |) 13274. 9.30 9.98 | 10.17 
Cone! 8 Fire-shrinkage, per cent. ...., 13.8* | 11 8 6 = 
; Absorption, per cent........ 6.47 9.10 — 10.70 — 
Conerotaviscositycn emit ieee 32 34+ | 12 12? 8 
Colonshens burned serene eee buff buff red red red 
XI XG XII XIV XY. 
Per cent water required .............. 34.9 ae 23.4 | 27.2 22m 
Air-shrinkage, per centiy,..........e. 10 7.6 8 if 6 
Plasticity onc sek 2 can ener pn eee high | high high high good 
Average tensile strength, lbs. per sq. in.| 286 229 293 291 108 
Cone 05 / Fire-shrinkage, per cent. ....] 3.3 1 3 3.3 10S 
Absorption, per cent........ 11.12 | 13.42) 1.65, | 12.46 7.88 
Cone 1 { Fire-shrinkage, per cent. .... 3.3 Die 3.3 6 8.6 
Absorption, per cent........ 9.92 | 8.9 6.2 DRO .10 
Conon Fire-shrinkage, per cent. ....} — 4 7 
Absorption, per cent........ — — 4.36 3.51 
Cone g/ Fire-shrinkage, per cent.....) — 5.7 5 =s 
| Absorption, per cent........ — 1 2a — 
Cone: of Viscosity...\aan se. ace 10 12+ == == 3+ 
Color when burned... see nee red red buff red red 


* Cone 10. 


NEW MEXICO 495 
LocaLities OF THR PRECEDING 
No. Locality Geological age Uses Ref 
IP) Toye MUNG un Adon aoaneae Hudson River...... Fireproofing...| A 
WC VobayeciRenoels & See haeaoee doo danue TMGAEEIC soddoo os 2p ol BNO os ca5go5 B 
DiS PEleeELy comyelealmnyccee eee Cretaceous sae | Hire-brickeea C 
IV | C. 8. Edgar, Bonhamtown...... IRERMUEN NS 300.00 oon oll SEEK ROS. oa asl ID 
V | W. H. Cutter, Woodbridge......| Woodbridge fire-clay 
Dec Sue we vere creer White ware...| E 
VI| R. H. and N. Valentine, Sand 
Hills, No. 1 blue clay........ Woodbridge fire-clay 
bedava mrt er Fire-brick..... F 
VII | No. 1 clay, Anness and Potter, 
WiOOCbiniG Ze mmmyeier tant att: Woodbridge fire-clay 
beds ¥ye swore Fire-brick..... G 
VIII | Sayre and Fisher, Sayreville.... . Woodbridge black 
laminated clay. ..| Common brick | H 
IX | Carman and Avery, Cliffwood...| Cliffwood laminated 
sands and clays...| Common brick | I 
xe budd Bros, Camden=... 2c... se Clay Marl I........| Common brick | J 
XI | One mile south of Collingswood. .} Clay Marl II.......| Brick and tile.| K 
PGi SYSOr tO Willem cme eerie. ote ere: JAMO 6.0 6.0.0.0 1 oa Brick and tile.} L 
OIOUL | MEWS) IbehaYebhatee, Oo ha aoa nino cae Cohanseyn aerate Pressed brick..| M 
XIV | A. E. Burchem, Buckshutem....| Cape May......... Common brick | N 
BXAV a PTGGle Merry. simon se ee nies ete ee Pleistocene.........| Common brick | O 
Ret. A. No J. Geol, Sury:, Fin. Rept., Vi, p: 507. By do, p. 374; ©) do., p. 392; D; do., rE. 


449: H, do., p. 442; F, do., p 447; G, do., p. 440; H, do., p. 467; I, do., p. 474; J, do., p. 394; 
K, do., p. 397; L, do., p. 495; M, do., p. 370; N, do., p. 414; O, do., p. 373. 


NEW MEXICO 


Adobe brick are made at many points from the calcareous valley 
clays, and common burned brick are also manufactured at different 
points. The Cretaceous shales at Las Vegas have yielded good results 
with the dry-press brick process. Fire-clays have been worked at 
Socorro and were formerly made into fire-brick. 

In the San Juan district the clay industry is limited to the Animas 
and San Juan valleys. Surface clays are worked for brick-making 
at Farmington, Flora Vista, Aztec, and Fruitland, but at Shiprock 
the Mancos shale is employed. 

At Gallup a semi-refractory clay has been mined for converter 
linings in the copper smelters of southern Arizona (see Analysis I below). 
The Mancos shale is worked for brick-making near Gallup (Analysis I), 
but the high carbon contents cause trouble, although they are not given 
in the analysis. 
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ANALYSES oF New Mexico Criays 


I II | 
Silica (SiO; Peete ere eee 64.73 | 56.29 
Nico, CONBOM cchsecscanccocel| Uo? } 23.18 
Ferric oxide (Fe,O:2)........--- 6.53 
Liman, (ONO) Aree Ga caabadeecod dulce celcs bc Ay 083 
Magnesia (MgO)... 2.22.02. 25-)0-2- 22. -- 2.91 
IMO N. gaz aunoorecoss00nc aac 5.09 11.53 
Moisturemeracse cree meres A: 30: | See eee 


REFERENCES ON NEW MEXICO CLAYS 


1. Shaler, M. K., and Gardner, J. H., Clay Deposits of the Western Part of the 
Durango-Gallup Coal Fields of Colorado and New Mexico, U. 8. Geol. Surv., 
Bull. 315, p. 296, 1906. 


NEW YORK 


The greater portion of New York State is underlain by sedimentary 
rocks of Paleozoic age, ranging from the Cambrian to the Carboniferous 
inclusive. These consist in very large part of shales, but sandstones 
and limestones are at times prominent. The Cretaceous and Tertiary 
formations, so abundant in States farther south, are found in New York 
only on Staten Island, Long Island, and Fisher’s Island. 

Overlying all of the above are Pleistocene deposits. Residual clays 
are rare. The clay-deposits of the State may, therefore, be grouped as 
follows: Residual clays, Paleozoic shales, Cretaceous, Tertiary clays, 
and Pleistocene clays. 


RESIDUAL CLAYS 


These are of but little importance in New York State, and may 
be passed over with the statement that some deposits of kaolin have 
been found east or southeast of Sharon, but so far as known none have 
ever proven of economic value. 


PaLEozoic SHALES 


Those occurring in New York State and including beds of value to 
the clay-worker belong to the Medina, Salina, Hamilton, Portage, and 
Chemung. The Hudson, Clinton, and Niagara formations are of little 
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or no value for the manufacture of clay-products. All of these shale 
formations, with the exception of the Hudson, form bands of variable 
width extending across the State in an east-west direction, and their 
distribution can best be seen by reference to the geologic map of New 
York, from which it will appear that the oldest formations outcrop 
towards the north, in belts running parallel to Lake Ontario. Their 
characters are briefly as follows: 

Hudson River shale.—This formation, although widely distributed 
in the eastern part of the State, is of no economic value for the manu- 
facture of clay-products, since it is deficient in plasticity and is very 
siliceous. 

Niagara shale.—This also, on account of its caleareous and siliceous 
character, is of little or no value. 

Medina shale.—Along the Niagara River at Lewiston, and also along 
the Genesee River, there are outcrops of this rock. It is not utilized 
in New York State, but has given good results for dry-pressed brick in 
Ontario. 

Clinton shales.—These are about 30 feet thick in places, notably in 
eastern Wayne County, and 24 feet thick at Rochester and Wolcott 
Furnace. They have not been used and are probably often cal- 
careous. 

Salina shales.—This series forms a belt extending from Syracuse 
westward. The shale is soft, weathers easily, and possesses good plas- 
ticity, but may be quite calcareous, and not infrequently carries lumps 
of selenite. It is red-burning, and has been used for common brick, 
drain-tile, or conduits. 

Hamilton shale.-—Though extending from the Hudson River to Lake 
Erie, this formation shows considerable lithologic variation ranging 
from a sandstone to a clay-shale. The latter phase is more common in 
the western part of the State. It was worked for paving-brick at Cairo, 
Greene County, and beds of good quality are known at Windom, Erie 
County. 

Portage shale.—This overlies the Hamilton stratigraphically, and 
hence outcrops to the south of the Hamilton belt. It consists of shales 
and sandstones, the former being well exposed along Cashaqua Creek, 
also along Seneca Lake and at Penn Yan, but becomes very gritty east 
of this point. The shale is worked at Angola for draintile and hollow 
brick, at Jewettville for pressed brick, at Binghamton for paving-bricks 
and face-brick, and at Jamestown for pavers. 

Chemung shale.—This somewhat extensive shale formation, the most 
southern in New York State, has been utilized at several points for 
making clay-products. At Corning face-brick are made. 
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CRETACEOUS AND TERTIARY CLAYS 


These include the Cretaceous clays of the Coastal Plain region of 
Long Island, Staten Island, and Fisher’s Island, as well as some others 
of possible Tertiary age, but the deposits are of exceedingly variable 
character, ranging from ferruginous ones to others of good refractori- 
ness. They, moreover, partake of the character of other Coastal Plain 
clays in being often of highly siliceous character as well as pockety or 
lens shaped in form. The more important points at which these clays 
are exposed are at Kreischerville, Staten Island; Little Neck near 
Northport, West Neck, Oyster Bay, Wyandance, and Farmingdale, 
Long Island. All of these, except the first two, are adapted only to the 
manufacture of common brick: The deposits of Glencove and North- 
port have been worked for a number of years, those of the latter locality 
having been used for fire-brick, stove-linings, and stoneware. 


PLEISTOCENE CLAYS 


These can be divided into four groups, namely, (1) morainal clays; 
(2) lacustrine clays; (3) pond deposits; (4) estuarine deposits. 

The morainal clays are usually too stony to be of any value, although 
at Newfield, Tompkins County, one lens in the moraine was worked for 
fifteen years. 

The lacustrine clays were laid down during post-Glacial time, when 
the waters of Lakes Erie and Ontario were dammed up to the north by 
the retreating continental glacier, and spread over the land in the western 
and northwestern part of the State, much clay being deposited during 
this time. These clays underlie the flats around Buffalo, Lancaster, 
Tonawanda, and other places in western New York, and are used for 
making brick and drain-tile. They often contain lime pebbles. 

The pond deposits are widely distributed throughout the State, being 
found in many of the flat-bottomed valleys. They are prevailingly 
impure, often contain sandy streaks, and are rarely deep. Most of 
them burn red and are worked for common brick or tile, but hollow 
brick are also manufactured. 

Laminated clays are wide-spread in the Hudson River and Champlain 
Valleys, and were deposited during post-Glacial times. They form an 
extensive and often thick deposit, which underlies the terraces border- 
ing these valleys (Fig. 145). The section usually involves an upper 
sand-bed, a yellow weathered clay, and a blue clay. The clays are 
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Fig. 144.—Bank of Chemung shale used for brick, Corning, N. Y. (After H. Ries, 
N. Y. State Mus., Bull. 35, p. 838, 1900.) 


Fic. 145.—Bank of Pleistocene clay overlain by sand, Roseton, N. Y. (After 
H. Ries, N. Y. State Mus., Bull. 35, p. 698, 1900.) 


laminated materials, plastic, red-burning, and easily fusible. 
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Those 


in the Hudson Valley especially are extensively dug for the manufacture 
of common brick, but are probably useless for much else, although certain 
beds near Albany make an admirable slip-clay which is shipped to all 
parts of the United States. 

In the following tables there are given a number of selected analyses 
and physical tests of New York clays: 


ANALYSES oF New York Cuays * 


I II Ill IV Vv 
SHCA (Si On eye oeesten ace. cane 59.50 52.30 65.15 53.20 68.34 
Alimmina GAISOs)............| 20.60 18.35 11552) DE D5) 19.89 
Ferric oxide (Fe.03)........ 8.00 6.55 6.16 10.90 0.90 
Mimmen(@aO) nc terstek occ. ie 0.80 32380 3.50 iL.) O35 
Magnesia (MgO)........... 0735 4.49 Ie 0.62 trace 
Ianeshis (sO) Ke. cates te: lees { AOD Maal : f 3. 5 
ae ON e > dere 2.69 
ene Nan O) eta cca casera t lose Uh sss Ae a lull MOY Se 
Combined water (H.O)...... 5 50 { ee | \ re 6.39 6.03 
MnO, 0.52 
ii COkee Be sAD 
Muascellameousi. ... 26 a.< 0-2-5 | AER ete 3 04 eS oats | TiO, 0.91 
bee ae (J30,. 0.41 
VI VII VIII XI x 
GS. (SIO) er eeeaeetse sea re arte 47.40 55.00 51.61 Oe oO) 51.30 
Alumina (Al,O,)............] 39-01 |\ a, 5,{| 19-20 | 16.20 | 12.21 
Ferric oxide (Fe,O;)........ 0.15 ; t 8.19 4.55 3.32 
imen( CAO) aa a.paeees4|) serace DoS 7.60 5.34 11.68 
Magnesia (MgO)........... trace 3.48 al ais) 3.90 4.73 
Rote, (AON ae aa ere oes or trace 0.48 5.382 6.98 4.38 
Sask, CNEKO) nee eee trace : 
Combined water (H»O)...... 14.10 1.22 ( +CO, 
IMG HAURDS os a tO hope eke Ghee Renin ae e WoZD 
{| organic 
Miscellaneous....:....-..-.- VRS teWAllate trae e rte ee neha Al aaa ct re \ 150 


* From N, Y. State Mus., Bull, 35, 
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PuysicaAL TESTS OF THE ABOVE * 


I Il IV VI 
Per cent HO to form plastic mass..... 16 21.4 20 38 
Plasticity rete a Wa ee lean fair moderate fair 
Average tensile strength, pounds per 
SQuares10 Chimera erette tee eee 15 92 61 11-14 
[NTSC Go oa seo cao gsacsosc been: 3 a 4 10 
TDRSS NAAR Goon ken uanenseeeseooor 6 10 9 8.7 
JEROME UO Go sec bcos he ocesnse cone .04 06 OGL el ees noe ete 
Vitrification sei eee eee See 1 OL O1 35+ 
VISCOSLUV Ate yaaa eee ere 4 4 3 35+ 
LocaLitiss OF THE PRECEDING 
No. Locality Geological age Uses * 
TS ewistonee ne Mie din afer eee Not worked 
II | Warners.........| Salina............| Paving, common, and hollow brick 
JOEL |) ANOS. coon cone Portacesaae rene Flue-linings 
IV | Alfred Center....| Chemung.........| Roofing tile 
V | Near Northport. .| Cretaceous........| Stoneware 
VI | Kreischerville....| Cretaceous........| Fire-brick 
Vili OSebo nese Pleistocene....... Common brick 
Ville KCrotonsPomteeere Pleistocene....... Common brick 
IDS BOW. ccc so soo) PMIBISKOCEMES so 55 Common brick 
X | Newfield........ Pleistocene (drift) .}| Common and paving brick 
* Some of these are no longer worked. 
REFERENCES ON NEW YORK CLAYS 
1. Dwight, W. B., A Peculiar Feature of the Clay-beds on the Western Bank of the 


6. 


Hudson, three miles north of Newburgh, Trans., Vassar Bros. Inst., Pough- 
keepsie, 1884-1885. 


. Jones, C. C., A Geologic and Economie Survey of the Clay-deposits of the Lower 


Hudson River Valley, Amer. Inst. Min. Eng., Trans., XXIX, p. 40, 1900. 


- Martin, D. 8., A Note on the Colored Clays Recently Exposed at Morrisania, 


N. Y. Acad. Sci., Trans., IX, p. 46. 


- Merrill, F. J. H., Origin of the White and Variegated Clays of the North Shore of 


Long Island, N. Y. Acad. Sci., Annals, XII, p. 118, 1900. 


- Merrill, F’. J. H., Note on Colored Clays at Morrisania, N. Y., N. Y. Acad. Sci 


elirams eee nerdy: 


Prosser, C.8., Distribution of Hamilton and Chemung Series of Central New York, 
N. Y. State Geologist, 15th Ann. Rept., p. 87, 1899. 


- Ries, H., Clays of New York, Their Properties and Uses, N. Y. State Museum, 


Bull. 35, 1900, 
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8. Ries, H., Physical Tests of Devonian Shales of New York State, 15th Ann. Rept., 
N. Y. State Geologist, Vol. I, p. 673, 1897. 

9. Ries, H., On the Occurrence of Cretaceous Clays at Northport, Long Island, School 
of Mines Quart., XV, p. 3&4, 1894. 


NORTH CAROLINA 1 


The clay deposits found in North Carolina are of two types, namely, 
residual clays and sedimentary clays or shales. 


RESIDUAL CLAYS 


These may occur in any portion of the State west of the Coastal 
Plain region. The eastern border of this area passes through Halifax, 
Franklin, Wait, Chatham, Moore, and Anson. Most of the residual 
clays are ferruginous and often gritty. 

A noteworthy exception to the above occurrences are the deposits 
of white residual clay—kaolin—which are derived usually from the 
weathering of pegmatite, and are found in both the Mountain and Pied- 
mont provinces, although only the former group is commercially impor- 
tant. 

The bodies of pegmatite which consist of quartz, feldspar, and mica 
(usually muscovite) with occasionally garnet and tourmaline have been 
weathered to kaolin to a depth of 60 to 100 feet. The vein-like masses 
may vary in width from a few inches to several hundred feet, and may 
be several hundred feet long. They also branch or curve and pinch or 
swell. The most active kaolin mines are in Haywood, Jackson, Mitchell 
and Yancey counties. All of the kaolin needs washing before shipment 
to market, and the product is extensively used in the whiteware industry. 

The following tests of two samples were made by the Bureau of 
Mines Station at Columbus, Ohio: 


I II 
Per cent Per cent 
Water plasticity, terms of dry clay..... 43.18 44.48 
Volume air shrinkage, terms of dry clay. 14.11 20.20 
Linear air shrinkage, calculated........ 5.0 7.3 
Fineness test: 
Residue 20-mesh-sieve............. 21.18 0.0 
Residue 65-mesh sieve............. 29.87 0.0 
Residue 100-mesh sieve............. 2 28 0.0 
Resiauer2 00=mieshesievemreriety sic | een stale 2.92 
Amount passing 200-mesh sieve........ 46 .67 97.08 


1 Prof, J. L. Stuckey has supplied much recent information regarding this State. 
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Firing Tests 


Volume Volume 
Porosity, fire Porosity, fire 
per cent |shrinkage,| per cent |shrinkage, 
per cent per cent 
USO OS Ss peices oi oop oss ea dco. mieka Chor 45.90 10.7 39.6 ‘coe | 
12502 "Giloen A ee AN eng eee rere aa 47.20 rig 39.7 18.4 
S10 Ge Be ae orien. ack tee eee 44.87 14.0 37.97 20.3 
TSTO™ Cia tee Sas cate ae eee 40.80 22.3 35.5 24.98 
TATOOS Coen Ge. eee coe ea ee 29.10 24.5 28.5 28.0 


I. Crude kaolin, Sprucepine, Mine No. 1, Mitchell County, N. Ca. 
II. Washed kaolin, Sparks plant, Sprucepine, Mitchell County, N. Ca. 


PRE-CAMBRIAN SHALES 


Shales of pre-Cambrian age are found in what is known as the 
“ Slate belt ’’ which crosses the central part of the State from southwest 
to northeast, and their development has taken place in the last few 
years. The shales can be easily made into good common brick and face 
brick if thoroughly pugged. The slightly weathered material gives no 
trouble in firing, but the harder (less weathered) shale has a shorter 
firing range, due to more fluxes, and often does not stand over 1850° F. 
The shales burn red. It is suggested that they can also probably be 
used for making drain-tile, roofing-tile, and hollow blocks (Ref. 4). 


CAMBRIAN 


These are found at a number of localities in the western part of the 
State, and especially in Madison County. They fire red and could prob- 
ably be used for heavy structural clay products (Ref. 4). 


TRIASSIC 


In the Dan River coal field the red-burning Triassic shales are 
worked for making various structural clay products and sewer-pipe. 
They are manufactured at Pomona, from shales obtained at Madison, 
Rockingham County, and now also at Pine Hall. 

In the Deep River coal field of Moore, Chatham, and Lee counties, 
there is another shale area, which although not as extensively developed 
is considered very promising. It is now being worked at several points 
for brick, and hollow blocks, and some of the shale is shipped to Pomona 
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Fira. 146.—IKKaolin-mine near Webster, N. C., showing kaolin mining by circular pits. 
(After Ries, N. C. Geol. Surv., Bull. 13, p. 56, 1897.) 


ysordee 


Fiq. 147.—Bank of Carboniferous shale near Akron, O. (Photo loaned by Robinson 
Clay-product Co.) 
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for sewer-pipe. The shale fires red and gives a hard body around 
1800° F. Art pottery is made near Sanford. 


Mesozoic To PLEISTOCENE 


Beds of plastic clay are found widely distributed throughout both 
the Coastal Plain area, and the broader upland valleys of the State. 
In the former there are many extensive beds of laminated clay which 
are often well exposed in the river-banks traversing the region. Most 
of the clay deposits found in the Coastal Plain area are rather lenticular 
in their form and pass horizontally into beds of sand. Among those 
which have been developed may be mentioned the deposits at Fayette- 
ville, Goldsboro, Weldon, Greensboro, etc. They are nearly all red- 
burning and have been used for the manufacture of brick and drain-tile. 

In many valleys of the uplands the rivers are bordered by terraces 
underlain by clays of Pleistocene age, such clays being abundant along 
the Catawba River near Morgantown and Mount Holly, on the Clark 
River, at Lincolnton, along the French Broad at Asheville, and along 
the Yadkin at Wilkesboro. The depth of these terrace clays commonly 
ranges from 5 to 10 feet, and there is usually a slight covering of sandy 
loam. The majority are adapted only to the manufacture of common 
brick, but occasionally some of them have been utilized for common 
stoneware. 


REFERENCES ON NORTH CAROLINA CLAYS 


1. Bayley, W. 8., The Kaolins of North Carolina, N. Ca. Geol. and Econ. Sury., 
Bull. 29, 1925. 

. Pratt, J. H., The Mining Industry of North Carolina, N. Ca. Geol. Sury., separate 
bulletins on Economic Geology issued in 1901 and subsequent years. 

3. Ries, H., Clay-deposits and Clay Industry of North Carolina, N. Ca. Geol. Surv., 

Bull. 18, 1897. 

4. Stuckey, J. L., Shales of North Carolina, Jour. Amer. Ceram. Soc, Vol. Ville 
p. 843, 1925. 

. Watts, A. S., Mining and Treatment of Feldspar and Kaolin in the Southern 
Appalachian Region, U. S. Bur. Mines, Bull. 53. 
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ANALYsEs or Norru Carouina CLAys 


ULTIMATE ANALYSES 


I II Ill. IV V, 
Sacer (SI Os in aretcieiae oe cyek 53.07 45.70 56.81 50! 17, 64.93 
Amma CAILOs)se aaa eee oe 29.54 , 40.61 20.62 28.77 17.08 
Ferric oxide (Fe,O3)....... Pat 1.39 6.13 2.88 Is. BM 
lgmmmen(OaQ)-2. ye yc eee Ase Oa 0.45 0.65 0.05 0.48 
Magnesia (MgO)........... a 14 0.09 0.58 0.22 0.59 
IPO AER OM eo couee oe os .28 } 
Soda (NazO)....... MR (neW | PRENSA URIS 9 eich 
Combined water, ignition...| 9.93 8.98 8.60 14.08 6.58 
IMIBUUTO. « c.4 foe sects 3s 5S 1.29 0.35 1.64 2.08 2.48 
Miscellaneous. ..........-- FeO 1.00 

| 

Val VII VIII. IX, | x 
Siiheay (QOD Bsa cacedesecc 58.17 59.27 70.45 69.58 YB, (Ai) 
Atmmoina(AlZO3). . 3.2.5. -- 20.10 22.31 17.34 14.03 24.91 
Ferric oxide (Fe2O3).......- 7.43 6.69 3.16 6.41 7.99 
Ibtemen(CAQ) ese secs <6 2 6 or 0.60 0.25 0.25 0.40 0.70 
Magnesia (MgO)..........- 0.77 0.13 0.22 0.27 it 2 
orashh (RGO) Secs s sic cin \ 2.60 0.90 0.70 1.65 2.94 
Soda (Na,O)..... Eso 
Combined water, ignition .. 7.34 9.00 6.63 5.73 7.60 
ONO 6. 6 Sloss otacie poorer 3.23 1.90 0.93 1.68 1.03 
Mimcellamecouser ee sor ie ello cnaesene es ellie oe fede, + FeO 0.33 
3 I 

RATIONAL ANALYSES 

Mp Il. J08), TV. Vis 
Glas sillostamces ner. a) . 61.99 96.81 58.85 73.19 53.138 
Hine Ouse Cle) ces csuetevaveuerevevacsses 36.55 25.40 40.65 26.05 45.90 

aval Wau VIII. IX, xX. 
Clay substance...........- : 48.09 67 . 20 48 .26 45.47 34.04 
PINGOUSATI CL: tence olejsis eis svt vas 52.15 33.25 51.50 54.28 46.00 


Nos. I-X from N. C. Geol. Surv., Bull. 13, 1897. 
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Puysicat Trsts or NortH CAROLINA CLAYS 
a 10 IV. Ne 

Per cent water for working .......... 28 42 30 28 
Plasticil yew ere cocci eer ocean good lean very good good 
Air-shrinkage, per cent. ............. 8 6 2 8.5 
Fire-shrinkage, per cent............. 5 4 d 5 
Average tensile strength, lbs. per sq. in. 39 20 148 144 
Rate of BIAKING Sora be Nae eee tee slow slow slow fast 
TOxbures cekesiede Gene ce out ste carers fine very fine fine medium 
Incipient fusion, degrees F.......... 2100 2300 1950 1900 
Vitrification, degrees Hip eicta syatecer oars 2300 2500 2100 2050 
Viscosity, degrees i Stee toe rotate Cotes ates 2500 2700 + 2250 2200 
Colormwinen@lounn espe tenerec rarer ata ee whitish white { oa red 
SHON KERATIN Cou Kobecconacneonae 2.24 2.43 2.35 2.55 

VI. VII. VIII | IX. XS 
Per cent water for working. .| 28.5 28 26 36 25 
IRIASMOUR i Gnoo oo Hones 608 fair lean lean slight lean 
Air-shrinkage, per cent. . 9.8 10 10 9.6 5 
Fire-shrinkage, per cent. ... ie 6 2 4.5 10 
Average tensile strength, lbs. 

Per sqslWye nesses ere 84 66 47 60 74 
Igbo SANE, on on eeaocuc slow fast slow fast fast 
VEX bULE Persea neers eect er ces fine coarse coarse fine fine 
Incipient fusion, degrees F..} 1850 2100 2150 1950 1900 
Vitrification, degrees F,....} 2050 2400 2350 2100 2100 
Viscosity, degrees F....... 2250 2500 2550 2250 2300 
Color when burned... ..... red red buff red deep red 
Specitic eravitye.. + cesses 2.45 2.46 DebD 2.59 2.63 

Locauities OF THE PRECEDING. 
No. Locality. Geological Age. Uses. 
DSR GTOVELS pace eee eee Wesidually eee White pressed brick 

MES AVVielbsteracrrmeretes ieee ES Sms on 4 White ware 
UES | Greensboro. eee SOP acaeus ee Brick 

TV SON. W2:08 Blackburn... |) sl nme eerie eee Stoneware 
V.|{ Fayetteville (average)..| |. ... ss. Bricks 
ViIS|SPavettevilles. 2 cms acac\ | ema een Not worked 

VALS BGreensboron sme eern Pleistocene. ......... Brick 

VU.) Pomona. .; sj.¢antaneal ee Brick 
IX. | Morgantown. ......... Columbine Not worked 
XS | Walkesborowss. aun en ot ee By sae 
Nos. I-X from N. C. Geol. Sury., Bull. 13, 1897. 
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NORTH DAKOTA 


Tue North Dakota clays (Ref. 2) are found in the Cretaceous, Ter- 
tiary and Pleistocene formations (Fig. 148). 


CRETACEOUS 


Most of the divisions of this system of rocks carry extensive deposits 
of clay, whose character is briefly as follows: 

The Benton, Niobrara and Pierre clay-bearing formations extend 
across the east central part of the State in a broad belt several hundred 
miles wide (Fig. 148). 

Benton.—The Benton is best developed in the Pembina Mountains, 
where it shows about 150 feet of soft shales which are easily mined. 
Ferruginous concretions and gypsum are not uncommon, in fact the 
latter is present in such quantity near top of the formation as to render 
the shales nearly worthless. ‘The Benton shales are plastic, red-burning, 
and yield a hard body at low temperatures, in fact their use for vitrified 
brick is regarded as possible. 

Niobrara.—This formation overlies the Benton, but is not sharply 
separated from it. It is usually calcareous, and may carry from 20-75 
per cent of lime carbonate. 

Fierre—The Pierre shales are separated from the underlying 
Niobrara by a peculiar horizon of banded black, white and red shales. 
The maximum thickness of 300 feet is developed in the Pembina Moun- 
tains, but it is exposed at other points. The shales which are quite 
uniform in character, and of a dark gray or black color, contain many 
small iron concretions, and are usually low in lime except near the base. 
They are very plastic, with high air and fire-shrinkage, and red-burning. 
Much trouble is caused in burning by gypsum and pyrite. The lowest 
beds are the worst, but about 200 feet from the bottom of the formation 
the clay is lighter colored, has less impurities and is semi-refractory. 
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LARAMIE AND TERTIARY 


Nearly the entire western half of the State is underlain by strata of 
Laramie and Tertiary age, the exact boundary between the two being 
doubtful. Lithologically, the so-called Laramie consists of (1) a basal 
member of clays and sands, many of them calcareous and lignitic; (2) 
a series of beds not exceeding 150 feet in thickness, carrying high grade, 
light-burning and sometimes refractory clays; (3) 300 or 400 feet of 
sand, cemented in part by calcareous cement. The clays of the first 
two divisions are of value for little else than common brick. Those of 
the third are an important clay resource of the State, being regarded 
by Mr. Clapp as of value for making pressed brick, fire-brick and pottery. 
They occupy an area approximately 50 miles east-west by 90 miles 
north-south, the eastern limit being about on the meridian passing 
through Hebron. These clays lie on both sides of the Northern Pacific 
railroad and have been developed around Dickinson, Gladstone and 
Hebron. 


PLEISTOCENE 


Pleistocene clays of blue or yellow color, and often of gravelly or 
stony character, are found over a large portion of the State. They are 
frequently calcareous, and around Grand Forks are worked for cream- 
colored brick. Red-burning brick clays occur along the Missouri River, 
near Bismarck, and are much used. Grayson, Walhalla and Fargo are 
also promising localities. 

The following analyses and tests, from the Fourth Biennial Report of 
the North Dakota Geological Survey, have been selected by C. H. Clapp 
as representative. 


REFERENCES ON NORTH DAKOTA CLAYS 


1. Babcock, EH. J., First Biennial Report, N. Dak. Geol. Surv., p. 29, 1901. 

2. Babcock, E. J., Clapp, C. H., Leonard, A. G., The Clays of North Dakota, N. Dak. 
Geol. Surv., 4th Biennial Rept., 1906. 

3. Clapp, C. H., The Clays of North Dakota, Econ. Geol., II, p. 551, 1907. 


REFERENCES TO TABLE OF ANALYSES OF NORTH DAKOTA CLAYS 


I. Dickinson Brick Co., Dickinson. VIII. Breaks of Little Missouri River at Man- 
nings’ ranch. 
I-VIII, Tertiary clays. 
IX. Benton clay. Mayo Brick Co. 
X. Pierre clay (representative), Jamestown. 
XI. Laramie clay. Mott. 
XII. Laramie clay. Coal mine at Richardton. 
VI. Buttes, 1; miles north of Taylor. XIII. Pleistocene clay. Grand Forks. 
VII. Buttes, 2 miles north of Gladstone. I-XIII from Vol. 4, N. Dak. Geol. Surv. 


II. Typical of white sandy Tertiary clay. 
III. Black Butte. 
IV. Buttes between Gladstone and Dickin- 
son, north of railroad. 
VY. Hebron Brick Company's clay bank. 


512 NORTH DAKOTA TO WYOMING 


PuystcaL Tests or Norta DaKkoTa CLAyYs 


Number. he ee IL. IL. IV. 
“hs tet bk Dee = Re Ma aaa E, 
Per cent water required <......0-.-.+---.- PY 22 6 18.9 22.1 
Per cent air-shrinkage........ ayo ootosuccmdac 4.7 2. 3.8 5. 
Tensile strength, lbs. JOSE Kolo W596 c0000abe: 138 90 110 141 
very 2 ver 
Plasvicltyarecerrrtr ir 6 cose a0oS Sratenetene Te | yond fair good \ Mats 
Mine=shrim Kacey pen CelUtee sterile i =, ects 0. 
© ight pink 
8 Bt Colo» oo copspanoecgs enews stoss, elec oe { pin E white \:°°7°"** orange 
INIoKIopjouTONM, [Kee CIM 6 G6 Sonn bane dleuccc5o- 1968 ick cee ee leeoeeiee 3 
5 Vire-shrinkage, per cent...... MGcireicl Om eiooe sa Gtclon tess BP Bd ess ce : 
Eo (Callie 5 mn Aasoos non aeddcomonoboosdeclomcctoamilsconasct white ==..." : 
ic UN eorgerglel snl aiec Mudeinm piamcm oud Os incor oe odellemmices otto Socom Soells doo 5 5 
Fire-shrinkage, per cent..... Gre cicte cache ae 9 .O u Wee 
a) bu cream 
3 Eee OOLOU ere aera eels ore tere selena teen sta { white hake yellow | yellow 
INO OHUICIa, [ASE HAM oo Sadcenadoocatd|losts-nnviledaosucs 4, seem 
Fire-shrinkage, per cent............. 6.6 De 2.8 5.3 
o gray oe | 
ie Golortimsiecenometcs ce Wave adeieeee eee \ re white buff buff 
| Absorption, per cent..... spine evereete ce 2.4 ae 12.4 2Loi/ 
| Fire-shrinkage, per cent ............- 9 2.5 BS) 5. 
® : - J buff yellow 
B= Cols cocesanooouonponeden fe erelecoretoks white white | brown | “gray 
| Absorption, per cent.......:...-..+-- 'S 13.1 9.3 34 
is LERMAN, orto oa ccmdcn binge occHS 6 OY 1 leo Sie eeatonell 17 7 
fag} Vitrification........-..... Go pono Se U2 |e stems eternal oereeeee aie 16 
aS Be et z unaffect- : 
2 Yscosity Rideoho oiancr accede opeteteltc talhoy eratastre 25 { ed 25 |rvtttt 25+ 
Number. Vis VI. VII. VIIt. 
Rericentiwavemnrequined emesis seteetnetee 20.6 | 209 2OR0 25.9 
[Pere Cinh Hines MMAR . pnb eananucooonsoeas 3.8 eZ oe 4.8 
Tensile strength, lbs. per sq. in... ........ 122 91 78 90 
PIASUICIUY GE). atwnlor Bokintn acl) ootets oceinre socks good good good good 
Fire-shrinkage, per cent ............. 0) 1.8 8 Lee 
Fe BS 
BOOb WN COLOL Vee rebels ore seatca ecekomeren tericere etter A | pink 
ge cream | cream Pane red 
IN SIOGOMUOIA, (XIE CIM o hacogccdneacws 1520) \'lls.ceaepies eh eee ie eae 13.0 
Hire-shrinkage, per cent ............. 8 2.4 3) 1.5 
269 Colonmetsres dics scrote tere et tere wenrecie buff cream | { Pink a 
fo) : \ white red 
AOSV GOON, jen CIM o.oo canocdsandudlococaac- LAZO NS Re ee ee 
Fire-shrinkage, per cent............. Let Dk Seo 2.5% 
PP Cel ay light cream | cream | | 
8 AEs SR OOE ENE CSOT igtane { buff white | white | | salmon 
| INS SOiy MOM TLIC Mi vo rrp oosmesonealloocsa cocllaooae so. 14.1 
; ( Fire-shrinkage, per cent............. 4 ‘s S25 : 5. 4) 4a 
Biot COLO ae mosenrie artes { ight re: feream | light 
3 | A ; aes buff Steam | | white brown 
| Tee Det os sravailonevereecnorersheteeeaee 10.6 4.7 Gall 6a! 
re MeL SIME A SEVERE), JOXeve RM) in ado no das < 5.8 8.3 8.9 5.9 
ON VAG lolkoy evra wemeioee Nes staked tenes gray SLAY, | { brown 
oS Pi ae { white white Brey \ black 
JN OsoHFONUMOVM, JOE CM, 5 soo aancaaanae. 1.8 eal 1.8 3.8 
oy [fh LEON MEIN Gono o co5o ho Ae 8 i ; : 
Goa OIDACI 0'- Ridin wos absiore mr leteisia siete te 8 4 3 11 
LE WAI AURORNENON GG Gos done 4 5 5 
Sane ct conte ae a 15 15 16 13 
IS COSIUVicsatersuciraYenitee rletepe eae ee 25+ 25+ 25+ 18 


NORTH DAKOTA ilk 
PuysicaL Tests or Norra Dakota Crays—Continued 
Number. Be Seam e eT XII Xl 
Per cent water required .......... 46.3 45.6 267.9 29 .0 Dowell 
Ren cent iairchnmkagce. ssn. 40: Hat 5.3 5.1 4.0 Poet 
Tensile strength, Ibs. per sq. in. 108 89 110 133 127 
IPSC ae Fie, ee teenth ere lees oer fair good good good fair 
( Fire-shrinkage, per cent..... 2.3 Tl, <2 me) = of 
be COlOneee en eee ee eee { eet orange Hem eo \ orange 
ANCHO, [NOON 5 cong dulouccse aellsoaaeees 18.8 2, Il 31.4 
Fire-shrinkage, per cent..... 4.3 4. 9 5.4 —1. 
@ g light light : 
ge (Color meiner erred: { ae orange Bs al a i pink 
Absorption, per cent........ 21.8 26.2 18.9 10.9 33.1 
Fire-shrinkage, per cent .. 5.5 4.5 6.7 7.3 Sane) 
Bs Colonia cme cious oe seit red { Poe red red cream 
S Absorption, per cent........ 18.9 24.2 5.4 Hil ih 22.5 
{ Fire-shrinkage, per cent..... es GyReh Wlosawon ao Q.8 2.0 
2! Cal f red ean red _jcream to 
se OLON PARA Recor aye eusterecsusirt & \| brown CMM Iieene sree a brown| green 
Absorption, per cent........ 15.8 PEW Tle tropic a enc 1.8 il © 
| Fire-shrinkage, per cent ..... 9 6.8 
@ f| dark : 
=e (CONGIES 42, Fea eaters een ote es {| brown brown 
{ Absorption, per cent........ 8.5 OES 
Prglncinient | secs aes o a 02 06 1 
g Blof WANGRUEICANEIOIN 6 oo Goo soenneo d 8 15 1 1 3 
ae ___| Viscosity pee svt See ene aS ak 14 220 3 5 4 
ANALYSES oF NortH Dakota Ciays 
dle i, ere IV. Ve Wal 
SHOn@e: (GIO Me gees 056 c docasonk 64584| 73-20) | 60.298) |7o.27 |) 73-9065 46 
Miumina (ALO,) .c...e25e oo Hw | WSS | BS | ie 2B) || 8.4) |) 2o).Gi7 
Henaic oxide (He,0,)=...-.-... 1.60 50 1.34 .83 S25 1.83 
Ligne (CHO) ast6sadkoocnour- alah .29 84 46 29 BB 
IMacmesian (gO) Eis csure ei 24 .52 94 18 46 1.14 
Peron Na. Oty hte ci ees ss 32 -88 | 1.22) ‘trace 29 72 
Petash (KO). eke ec une ee trace B07 eet 25 P32 1-20) ae 
Loss on ignition Ercole aoa 8.58 DIS 7.85 5S 70s Hot 6.79 
TOU « owoser cmos od 100.00 | 99.74 |100.17 100.10 | 99.33 | 98.52 
Wav VIII 1D Se. XI. XIT XIIL 
Silica iO)... -...| 65.64 | 53.39 | 60.90 | 57.94 | 61.67 | 51 97 
ANlferantaa, CNIWKOD) 6 5 aaooomocce- 22a (e235 (On\ LONGO Leonie lize OR s2 
Herricoxide(He,O;) ici. 2 1.66 9.30 2232 4.58 3) OS 3.52 
emmmen( CAO) 5, Goad sna snes cieisters 29 DIS 1.04 4.14 DP ee | Tal Us 
Maonesia (Me@). oe... 61 1.26 2.10 3.84 3.71 2 Bil 
Sala (NGO) soso oecdccccaoese WG | oP | WNC is ooo olletse ooo 2.08 
TES CEO nacace asco soegws 1.46 AL ANG) | Winelews Nao os cclco tose. | .50 
LOSSOM, TATOO. oonooooanacne Gels 8.50 6.09 7.67 6.07 
INO Cal emer rer tac og: 100.21 | 98.59 | 92.11 | 95.65 | 94.88 
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For references to tables, see p. 441. 
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OHIO 


The geologic scale of Ohio includes strata ranging from the Ordo- 
vician to the Permian, while overlying these are beds of Quaternary age. 


ORDOVICIAN AND SILURIAN 


The rocks of these two ages underlie a large area in the western 
half of the State, those of the former age being found chiefly in the 
southwestern part. They include several shale formations, among them 
the Eden, Lorraine, Richmond, Saluda, and Osgood; but most of these 
are highly calcareous and of little value for the manufacture of clay- 
products. The Saluda has been used for drain-tile.? The Eden shale 
is used at Cincinnati for making dry-press building and face brick. 


DEVONIAN 


The Devonian rocks underlie a large area in the northwestern corner 
of the State, and also extend across the west-central part from Lake 
Erie to the Ohio River. 

The shale formations are the Oletangy and the Ohio. The former 
is 20 to 35 feet thick in central Ohio with numerous outcrops and shows 
even greater thickness in the northern part of the State. It is worked 
at Delaware for making drain-tile, fireproofing and hollow block. 

The Ohio shale is divisible, in the northern part of the State at least, 
into three parts, known as the Huron, Chagrin, and Cleveland shales. 
Professor C. 5. Prosser states that the Chagrin shale is gray to greenish, 
and extends from the Black River as surface outcrops along the shore 
of Lake Erie in a belt several miles broad to Pennsylvania, and is 
regarded as promising for the manufacture of clay-products. It is 
used for building brick, building blocks, and fireproofing. The Ohio 
shale was formerly mixed with glacial clay and used for sewer-pipe at 
Columbus. 


MIssIssrPPIAN 


The Bedford shale, which is an important shale formation extending 
clear across the State, is in part at least frequently of red color ; but its 
greenish phases resemble the Chagrin shales of similar color. It is 
extensively worked in the Cleveland district for making building brick, 

1 Profs. BE. Orton, Jr., and W. Stout have kindly given the author much informa- 
tion regarding the shale formations of the State. 

> Ohio Geol. Surv., Vol. VII, Pt. I, 10h 1310), 
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hollow blocks, and fireproofing. At Taylor Station near Columbus, the 
shale is employed for face brick, common brick, hollow blocks and drain- 
tile, At Junction City, Perry County, paving-brick and hollow bricks 


Shales, sandstone, and concealed 
Stralesmmesen s srcvetersiercttconc cess akersinters/c.c ofall ievoleieeverers lol s1eteneetetetelatetetetts 


Shalecu massive: More ant oilers oe tate tol orsteretctolsislaieycietslaletatetste eel 


IDSC, MOSTAR, HOIMNASo 0 nap ogo cocoon orcoonuascucoSs 


Red ishalesis erence oc eile ire enka a rere eae ee eenicns 


OC Yat Yar a at ec iat tis YK SCC a aC 


Limestone, fossiliferous, Lower Cambridge............... 

Shales, drab { 
Shales, with coal, Masontown 
Shales, gray 


Sandstone, Mahoning, and concealed, under river 


cee) 6 eb ee wie ee 


Fra. 150.—Section of Barren Measures opposite Steubenville, Ohio. 
(After White, U. 8. Geol. Surv., Bull. 65, p. 77, 1891.) 


are made from it, while at Hanover, Licking County, and Wooster, 
4 Lb . . 7 . RL 

Wayne County, it is employed for face brick. 

. The Logan shale, occurring in the lower part of the Logan formation, 

is now extensively used. 
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PENNSYLVANIAN ! 


The formations of the Pennsylvanian underlie the eastern third of 
the State. The lower members are found in the western and southern 
portions of the area, while the upper members underlie the surface in 
the middle part of the area and towards the Pennsylvania border. The 
Pennsylvanian formations include the best clays in the State, and both 
shales and clays are numerous throughout the series. 

The shales of the Pottsville and Allegheny series are among the most 
widely used in Ohio, the products made from them including face brick, 
paving-brick, sewer-pipe, hollow brick, and radial blocks. 

Roofing-tile are made at New Lexington from a shale overlying the 
Brookville coal; at Akron from one near the horizon of the Quakertown 
or No. 2 coal; and at East Sparta from a deposit over the No. 4 coal of 
the Allegheny series. 

Pottsville series.—The clays found in the Pottsville, together with 
brief reference to their characters, are noted below, beginning with the 
lowest one (Ref. 7): 

Sharon.—A clay of rather patchy occurrence, siliceous character 
and not used. The Sharon shales, which overlie the Sharon coal, have 
been extensively used for sewer-pipe. 

Sctotoville—The most refractory clay found in Ohio. It carries 
flint, semi-flint, plastic and some “ pink-eye”’ clay (a mottled, semi- 
refractory plastic clay). The beds are not persistent, and the best occur- 
rences are in Scioto County. It is used for refractory wares, and when 
mixed with shale, for paving-brick as in the Portsmouth district. 

Huckleberry.—Of local occurrence, little used, and of only moderate 
refractoriness. 

Quakertown.—Best developed in southern Ohio. Siliceous, plastic, 
and of low refractoriness. Not used. 

Bear Run.—Unimportant. 

Vandusen.—Unimportant. 

Lower Mercer.—A siliceous plastic clay of moderate refractoriness, 
which is thin and uncertain as well as lacking in persistence. 

Middle Mercer and Flint Ridge.—Mostly a siliceous, plastic clay, with 
some flint-clay. It is rated as third in importance of the Ohio Pottsville 
clays. The members extend across the State from Scioto to Mahoning 
County, but the areas of most importance are in Perry, Muskingum, and 
Summit counties. These clays make good stoneware, but are little 
used for this purpose. They also make a fine gray building-brick. In 


1 Por detailed discussion of the Pennsylvanian fire-clays sce Ref. 7. 
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addition they work well for sewer-pipe, fireproofing, conduits, buff 
building-brick, and common fire-brick. They are somewhat low in 
refractoriness. a * 
Upper Mercer.—Best developed in southern Ohio from Vinton 
County to the Ohio River. Mostly plastic. Has been worked for face 
brick and second grade fire-brick. 
Bedford.—A plastic siliceous clay used only at Dalton for stoneware. 
Tionesta or Mount Savage Clay——The most important clay in the 


- Pottsville of Ohio. It has a wide distribution from Scioto and Lawrence 


counties on the south to Mahoning and Columbiana counties on the 
north. The main body of the material is always plastic, but occasionally 
flint-clay and pink-eye are found. Its fusion-point averages from cone 
20 to 23. This clay has a wide range of uses from brick to art pottery, 
but for most purposes it is not used alone. The products also include 
sewer-pipe, saggers, wall-coping, floor-tile, flue-lining, stoneware, etc. 

Brookville.—Mostly a plastic siliceous clay with an average thickness 
of 6 feet, and forming a great reserve supply. It is worked chiefly in 
Tuscarawas and Stark counties, but is also well developed in Muskingum, 
Coshocton, Holmes, and Wayne counties. Its chief use is for high- 
grade building-bricks and blocks, but mixed with other clays it works 
well for stoneware and allied products. 

Allegheny series.—Winters clay.—Of little importance. 

Clarion.—Of value in southern and eastern Ohio. Carries both 
plastic- and flint-clay, but the latter is only of local occurrence. It is 
used for a variety of refractory and hollow-ware products, as fire-brick, 
sewer-pipe, segment block, flue-lining, wall-coping, and building-block. 
It was formerly used for stoneware and yellow ware. 

Lower Kittanning.—This is the great clay horizon of the State. Its 
thickness ranges from 2 to 20 feet with an average of 8 feet. The clay 
is mostly plastic, but locally may carry flint-clay. The main districts 
of development are along the Tuscarawas Valley, in Tuscarawas County, 
the Ohio Valley in Columbiana and Jefferson counties, and the Hocking 
Valley in Athens and Hocking counties. The clay is used most exten- 
sively for sewer-pipe, fire-proofing, and allied products; also in the 
manufacture of fire-brick, and in mixtures for stoneware and yellow 
ware. Some building and paving-brick are also made from it. 

Oak Hill——Discontinuous. Chiefly of value in Jackson County. It 
carries both flint- and plastic-clay, and is used for refractory ware. 

Middle Kittanning.—Forms a persistent bed across the State, from 
Lawrence to Columbiana County. It is plastic, but of variable quality 


and lacks in refractoriness. Is largely used for fireproofing, building- 
block, paving- and face-brick, 
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Lower Freeport—Unimportant. 

Bolivar.—This clay is often absent, and is little used. It may carry 
both plastic- and flint-clay. 

Upper Freeport.—A rather persistent clay, of variable character and 
thickness, which is plastic and usually siliceous. It is not very refrac- 
tory, and of minor importance, but is used for sewer-pipe mixed with 
Mahoning clay. 


Conemaugh series.—The Conemaugh shales are not used for paving- 
brick, but are employed for building-brick and hollow tile. The shale 
under the Pittsburg coal is worked at Bellaire for building-brick and 
hollow blocks. 

The clays found in the Conemaugh, beginning at the bottom of the 
series, are as follows: 


Mahoning or Thornton clay.—This is 1 to 10 feet thick, plastic, of 
variable character and low refractoriness. It is of little importance, 
but is used at Dennison, Tuscarawas County, for sewer-pipe, flue-linings, 
wall-coping, etc. 

Mason.—A plastic, siliceous, sometimes shaly clay, rarely over 3 feet 
thick, and not used. 

Wilgus.—Low grade, thin and uncertain. Not used. 

Anderson.—A plastic clay, non-refractory and often impure. 

Averages 7 feet in thickness. Not used. 

Barton.—No importance. Irregular, and not used. 

Harlem.—Too thin and impure for use. 

Pittsburg.—Widely distributed, but of small value, due to thinness 
and objectionable impurities. 


Monongahela series.—This contains several clays, but they are 
unimportant, and hold little promise. 

Dunkard or Upper Barren Measures.—In Ohio these underlie an 
area extending through the counties of Belmont, Monroe, Washington, 
Athens, Meigs, and Gallia. 


PLEISTOCENE 


Pleistocene clays are found in all parts of the State, but they are 
used chiefly for common brick and drain-tile. 
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Tests AND ANALYSES OF OHIO CLAYS 


The following tests and analyses are taken from the 


Geological Survey reports: 


ANALYSES OF OHIO CLAYS 


Ohio State 


fe ii lage NE ive VI. Vil. 
Silicay (SiO>)srremnereicrcsetse tee 76.24} 63.09] 52.52] 61.86) 69.37) 69.79] 56.44 
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Wratera(ElsO)\ emcee ote or ls 14 5.41) 11768) 9-73) S257) 5.09) Sion 
IMOIstITes Verse noon ler or: ‘fice 6245 0769 eae 0.94) 1.02} 2.48 
Abiuenarinnen (oxotsle: (UNO 6 coc clleckocelboone 1268 |e 0.29 
VIII IX. X. XI. S| IT XIV. 
Slbvess (SHO be acco domoubeGes 68.13] 66.21) 57.15} 57.10] 49.30} 58.20] 57.28 
iNtovaaror, NWO) 5 6 60cescencts 20.80} 21.13} 20.26) 21.29) 24.00] 22.47) 21.13 
Ferric oxide (Fe.Os3)........-.-- 1220) 28) feos esl Se40) ee oeGsleaoeoe 
Thm er(Ca@)acemceracicceiee ieee 0.42) 0.51) 0.90} 0.29) 0.56) 0.62] 5.79 
Wilevesaesie) (OWIHLO)) Goo cononcens O37) VOLTS)! TI NG2 IES 53 60 ae OeOS aes 
Rotashy (sO) secretes or 2.28] 1.42) 3.05) 3.44) 3.91] 3.08 
Soda (Nas) Man setae eae 0:27) 0.38) 0.58) O561i) 0219) S0842 
Wiaterw(HoO). enemas sero ee ee 5.72| 6.29] 5.50} 6.00} 9.40) 6.15] 5.22 
Moisturesacrriac mice voce OO) Gal 27 1530) 1220) 1265 
Titanium oxide (TiO2)......... 
XY. XVI XVII. | XVITI.| XIX. XX. 
Dulica GStOn) i s.cmpee nc ie se eet eee 52.19] 53.38) 44.60} 59.92) 57.80] 51.72 
Alumina “A107 sca ee ee ene 14.61] 19.36] 40.05) 27.56] 25.54] 30.10 
Herrictoxidex (He: ©?) ee eae 10200) 14286)" (OeSOF 203) 2 a5 lie i Os 
Lime (CaO). «tind. ie cea Sears ote Renae 1.48] 0.27} trace| 0.25; 0.62 
Magnesia (MgO) cca. co ee eee 1.06] trace} trace} 0.61} 0.538 
Potash (CRO) Rae Wether ere tee | | trace O67 Pon Olle 
Reece Wa( ONE: O) Ieee rae mie ci cie terreno sy orien cnoral lis oevo-c ‘TANCE | on ee 0.18 
Waters(H.0) teu. eee cee 5.62 14.23] 9.70) 8.35) 9.95 
Moisturetis one pret es 5 eee IS) ODI Mirc.ctets | Snes eon 0S al ALO 
Litanium: oxide: (LIOR) We cues... sis «ete | Gemeente lee Cetera eaten | eee | 135 
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Locality. Geological Age. Uses. 
Haydenville........ Lower Carboniferous. ..... Fire-brick 
North Industry. ... . Lower Coal-measures...... Paving-brick 
Mineral Point....... Lower Kittanning........ Refractory wares 
Waning ton seeeer ere Oy oo enV oa Paving-brick 
osevalleseaese ere Stoneware 
Nose vill eiereeeerrea Cooking ware 
Steubenville........ Stoneware 
ACTON Wea emcee Lower Carboniferous. ..... Stoneware 
LEMesvalles son eaen Lower Coal-measures......} Cooking ware 
Gloucesters..- a... = - (CAVIMOMCORE, oseecuoceaccse 
Wanton escetsit oe Lower Coal-measures......| Paving-brick 
Waynesburg. ....... Middle Kittanning........ Brick 

. Freeport shale........... 

Zanesville... ....... { Kittanning Clavie. este 

Northern Ohio...... iBedfordeshalenman enya iree Paving-brick 
North Industry.... . Lower Carboniferows. .....| Paving-brick 
Canton nee ee © 2 is or PLE Ses 

Scioto County......- He ee Fire-brick 
Saline villew cme Fire-brick 
East Palestine. ..... Wppernttireeportoneenaneeene: Paving-brick 
Jefferson County... . Sewer-pipe 


Noel Tx X from Ohio Geol. Gur. Vil. 1803, 


ANALYSES 


oF Coan MEASURE CLAYS 


totals Canaan acc 
Tnorganicearbon 
ossyl Oban 


il 
Ignition loss....| 12. 


25 .15 Al 20 
54 87 13 05 
08 1.35 1.65 il, Shs) 
11 .02 OL 03 
62 21 31 18 
WS || Soil) 7h) 1.46 
Ol 02 Oil ‘Wie 

17 .02 .02 05 
52 38 30 48 
00 06 03 03 
62 1.26 2.83 2.60 
76 5.79 6.30 |} 9.33 
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For localities of the above see table of physical tests following: 


I II Til IV Vv 

Wiateriot Plasticitye sae stair 13°70 We22e7e 1 e2esE 23.48 24.50 
Drying linear shrinkage.......... 3.75 4.60 6.65 5.96 7.15 
Drying volume shrinkage......... 11.67 14.43 | 21.25 18.92 23.01 
Burning tests, volume shrinkage: 

One ele ee ee ee a ter 15.06 14.29 13.31 15.93 

GOne Secu dc one eee ene 17.94 | 17.26 Mectina) Zdeileye| eyeaal 

Conerl4 pat xno ee ee eee 16.67 Solde |o. or a 2OnoT 1.75 
Absorption: 

Ofore( bs en cons, AN Peer cs cists (Root qs 30 16.59 | 16.74 | 22.53 17.48 

(On Gly nek ee ee 17.08 0.6 2 QATAR AAT Sil Osos 

Conevl eee re ane. tic een 17.45 0.45* 1.31 0.59 0.86 
Deformavions Conc en eee eerie ae 324 17 23 29 Di 

| 
* Cone 12. + Cone 6. 


I. Sciotoville flint clay, Edmonds, Scioto County. 
II. Flint Ridge plastic clay, McArthur, Jackson County. 
III. Tionesta clay, Roseville, Perry County. 
IV. Clarion clay, Hamden, Vinton County. 
VY. Lower Kittanning clay, Eifort, Scioto County. 
Numbers I-V from Ohio Geol. Sury., 4th ser., Bull. 26, 1923. 
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. Lovejoy, E., Notes on Fire-clays of the Northern Appalachian Coal Basin, Jour. 
Amer. Ceram. Soce., Vol. II, p. 374, 1919. 

. Orton, E., The Clays of Ohio, Their Origin, Composition, and Varieties, Ohio Geol. 

Surv., Vol. VII, p. 45, 1893. 

. Orton, E., Jr., The Clayworking Industries of Ohio, Ohio Geol. Surv., Vol. VII, 
p. 69, 1898. 

. Prosser, C. §., Geological Scale of Ohio, Ohio Geol. Surv., 4th ser., Bull. 7, 1905. 

. Stevenson, J. J., Carboniferous of the Appalachian Basin, Bull. Geol. Soc. Amer., 
Vol. XV, p. 37, 1904. 

. Stout, W., Geology of Southern Ohio, Ohio Geol. Surv., 4th ser.; Bull. 20, 1916. 

. Stout, W., Stull, R. T., McCaughey, W. J., Demorest, D. J., Coal Formation 
Clays of Ohio, Ohio Geol. Surv., 4th ser., Bull. 26, 1923. 

. Stout, W., The Flint Clay Situation in Ohio, Jour. Amer. Ceram. Soc., Vol. VI, 
p. 1153, 1923. 

. Van Horn, F. B., Clay and Shale Resources in the V icinity of Cleveland, Ohio, 
Trans. Amer. Ceram. Soc., Vol. XVIII, p. 450, 1916. 


OKLAHOMA 


Clay-bearing formations.—Clays or shales occur in beds of the 


Ordovician, Devonian, Mississippian, Pennsylvania, Permian, and 
Cretaceous. 
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ORDOVICIAN 


Shales of Ordovician age outcrop in the Arbuckle Mountains, 
Ouachita and Ozark Mountains regions, but little is known of their 
properties or availability for use. The outcrops are in thinly settled 
country with poor transportation facilities. 


DEVONIAN 


The Chattanooga formation outcropping in the Ozark region in the 
northeastern corner of the State, is the only argillaceous one of Devonian 
age. It is hard and siliceous, as well as containing bituminous material, 
so that it may be of little value unless weathered. No use has been 
made of it. 


MUISSISSIPPIAN 


The Caney shale, 1500 to 1600 feet thick, outcrops in the Arbuckle 
Mountain region, but is probably not of much value. Another one is 
found in the Fayetteville formation also in the northeastern part of the 
State, but this, too, has not been tested. A third, the Standley, is found 
in the Ouachita Mountains, and while it contains a number of sandstone 
beds, the shale seems to have good working qualities and is red-burning. 


PENNSYLVANIAN 


The area underlain by these formations includes approximately 
that part of the State north of the Arbuckle and Ouachita Mountains, 
west of the Grand River, and east of the Red Beds. It contains the best 
clay deposits of the State. Their development has been aided by cheap 
local fuel. While the formation names are different for the areas 
north and south of the Arkansas River four group names, Muskogee, 
Tulsa, Sapulpa, and Ralston, are recognized in both areas. 

The Muskogee group north of the Arkansas River has one important 
shale-bearing formation, the Vinita, which outcrops in a crescent- 
shaped area around the Ozark uplift. Both the fresh and weathered 
shale are used for common brick, sidewalk brick, and drain-tile. 

South of the Arkansas River the Muskogee has several shales. Of 
these the Atoka could probably be used for brick and drain-tile. The 
McAlester which carries the coal-beds yields a blue shale used for paving- 
and building-brick. Other shales are the Winslow, Savanna, Boggy, 
and Senora, which are red-burning and are used for common and paving- 
brick. No fire-clays have been found. 
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In the Tulsa group the shales north of the Arkansas River are the 
most valuable, and are worked at several localities for building- and 
paving-brick. South of the river the Tulsa carries blue and brown 
shales which are used at only one plant. 

The Sapulpa group contains a great thickness of shale and red 
sandstone, the former being red-burning, and used for common, front 
and paving-brick, as at Bartlesville, Tulsa, ete. 


ReEep Berps 


The Red Beds of the Permian and Pennsylvanian are the surface 
formations in the western half of the State. The shales are chiefly red, 
and interstratified with clayey sandstone. Some are too gypsiferous for 
use. The better ones are worked at a number of localities for brick 
manufacture. 


CRETACEOUS AND TERTIARY 


The principal area of Cretaceous rocks is in the extreme southern 
portion of the Arbuckle and Ouachita Mountains. The Bokchito 
formation of the Cretaceous contains red-burning shale, but it has not 
been developed. 

Nothing is known regarding the Tertiary clays which are found in 
the northwest corner of the State. 


The following physical tests are from the Oklahoma Geological 
Survey report (Ref. 1): 


Puysican Tests or OKLAHOMA CLAYS 


I II Ill IV 
Water of plasticity, per cent...... PAs: 20.4 19.4 23.1 
Drying shrinkage, per cent (linear) . 6.8 Ae Wee 9.6 
Fire shrinkage, per cent (linear). . . 8.9 ie 
Porosity: 
Cone. OLS casein oe cocina shoal, | eRe eT] ea 24.1 
Cone: OG wae vtara eRe ee ee 19.0 14.5 2Zau3 7.8 
Cone 04 ae Tr ee eee 9.2 6.8 24.0 9.9 
(Cone 02ers ne ceeake Lon eee eee SS (2 IG oe 200 
Concern eee 4.5 3.6 2 2.0 


I. Muskogee, Okla. 

II. Cleveland, Okla. 
III. Oklahoma City, Okla. 
IV, McAlester, Okla. 
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Or 


REFERENCES ON OKLAHOMA CLAYS 


1. Shannon, C. W., Clays of Oklahoma, Okla. Geol. Surv., Bull. 22, p. 118-121, 1914. 
2. Snider, L. C., Preliminary Report on the Clays and Clay Industries of Oklahoma, 
Okla. Geol. Sury., Bull. 7, 1911. 


OREGON 


Little has been published regarding the clay resources of this State, 
but it is known that the clay-bearing formations range from Jurassic 
to Recent in geologic age. There are also some residual clays from 
basalt. Most of the clays worked are either of Eocene age or 
Recent alluvium. The main development has been in the western part 
of the State especially near Portland. There are few brick-plants in 
the rest of the State. 


EocENE 


The main belt of clay-bearing rocks of this formation runs north 
and south along the eastern slope of the Coast Range. It is said to 
yield white, buff and red-burning plastic clays in pockety deposits 
which are more or less intermixed. No high-grade clays have been 
found. Common and face-brick, drain-tile and fireproofing are the 
chief clay products. 


ALLUVIAL CLAYS 


These are red-burning surface clays and loams which are found 
chiefly in the river valleys. 


RESIDUAL CLAYS 


Residual clays from basalt are worked for common brick by some 
of the yards at Portland. 


REFERENCES ON OREGON CLAYS 


1. Geijsbeek, S., The Clay Deposits of Oregon, Trans. Amer. Ceram. Soc., Vol. XV, 
p. 644-658, 1913. 

2. Parks, H. M., The Economic Geological Resources of Oregon, Ore. State Bur. 
Mines (Ore. Agric. Coll. Bull., Extens. Ser. 5, No. 2), 1912. 


PENNSYLVANIA ! 


The geologic formations of Pennsylvania range from the pre-Cam- 
brian crystalline rocks to those of Pleistocene age. 


1 Dr. G. H. Ashley and Mr. R. W. Stone have supplied much recent informa- 
tion regarding the Pennsylvania clays. 
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In the western part of the State, except the northwestern counties 
the rocks are nearly all of Carboniferous age, the beds being bent into 
a series of gentle folds; but often the exposure of the lower or older beds 
is due partly to the overlying strata having been worn away. 

To the eastward the rocks become highly folded in the central coun- 
ties of the State, so that the strata often have a very high pitch. This 
folding has raised the strata so that rocks of Carboniferous age have been 
removed from all of the area east of the Allegheny Front except in the 
Broad-Top and anthracite coal fields. The folding, however, exposes 
the underlying Devonian, and lower rocks down to the middle of the 
Cambrian. Rocks of the several ages lie in bands which extend in a 
general northeast-southwest direction. Toward the southeast corner of 
the State the underlying basal Cambrian and pre-Cambrian rocks 
are exposed. 

On the eastern edge of the State there is a fringe of coastal-plain 
formations, but with the exception of certain loams, they have little 
value in Pennsylvania. North of the terminal moraine the drift-clays 
are widespread. 

RESIDUAL CLAYS 


These might occur at almost any point in the area lying south of the 
terminal moraine, but the deposits of greatest economic value are those 
found in the Great Valley, along the line of which, as well as in the 
South Mountain region, Fig. 151, there are a number of deposits of white 
end variegated clays. 

Those in the South Mountain region have been derived from the 
decomposition of hydromica slates, which are interstratified with 
Ordovician limestones and quartzites, taleose slates, and limestones of 
Cambrian age. Of recent years these white clays have been much 
worked for paper manufacture, and to a less extent for tile, fire-brick, 
and Portland cement. 

In the Saylorsburg district of eastern Pennsylvania (Ref. 25) there 
is a series of deposits of whitish residual clay formed by the weathering 
of calcareous sandy shales and cherty limestones, which underlie the 
Oriskany sandstone. The clay has been worked by shafts. Some of 
it has been washed and used as filler, while the crude material has been 
employed in Portland cement manufacture. (Ref. 15, 18.) 

Residual clay from the contact of Ordovician limestone and Cam- 
brian sandstone, was formerly worked near Glen Loch, Delaware County 
(Refs. 11, 18). Other deposits of the same age have been worked near 
Narvon, Lancaster County (Ref. 18). 

In Central Pennsylvania, chiefly in the Nittanny Valley, the Upper 
Cambrian has yielded a number of deposits of white residual clays in 
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Center, Huntingdon, and Blair counties. Their chief use has been in 
steel works (Ref. 14, 18). 

A number of localities are mentioned in reports of the Second 
Geological Survey,' but many of these are no longer worked. Later 
many of these were 
described in detail ree: Ls 
by T. C. Hopkins ig ae 
(Ref. 10-12). More ss 
recently the Topo- 
graphic and Geologic 
Survey of Pennsyl- 
vania has issued bul- 
letins on deposits in 
Monroe and Blair 
counties.? 

A second type of 
white residual clay 
or kaolins are those 
of Delaware and 


WE hp er 
LS fom 
[7 sa Zon @ 
Chester counties, | Geowl a 8 WIA By 


SS ® os 
: ORNL Fouly—) 
which have _ been ES BAY EO, YoffZ, LING 
formed by the weath- _—— we 
ering of pegmatites. VR, pre-Cambrian yoleanic rocks; SS, Cambrian sandstone and shale, 


LS, Cambrian limestone 


These have been ; : 
Fia. 151.—Map of South Mountain region, Pa., show- 


worked near Kaolin ing distribution of clays. (After Stose, U.S. Geol. Surv., 
P. O., .Brandywine Bull. 315, 1907.) 


Summit, etc., but 
working has ceased in recent years because the deposits, being the 
product of weathering, have in some cases been exhausted with depth. 


DEVONIAN, SILURIAN, AND ORDOVICIAN SHALES 


The vast beds of shale occurring in these systems in the eastern and 
south-central portions of Pennsylvania afford an excellent field for 
exploitation by the clay-worker. 

The Devonian is found underlying large areas in northwestern 
Pennsylvania and may be of value, but in the northeastern counties the 
beds are often too siliceous. 

To the south and southeast shales of Devonian, Silurian, and Ordo- 
vician age appear as a series of bands in Lackawanna, Luzerne, Carbon, 

1Second Pa. Geol. Surv., Rept. C4, pp. 137, 272, 275, 277, 279, 325, 340, ard 


Rept. CC, p. 203. 
2 Penna. Top. and Geol. Surv., Bulls. 40 and 45, 1922. 
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Fig. 152.—Fire-clay underlying Lower Mercer limestone, Union Furnace, O. 
(Photo by B. 8. Fisher.) 


Hoy, 


Frq. 153.—White sedimentary clay, Aiken area, 8. C. (After Sloane, 8. C. Geol. 
Surv., Bull. 1, 1904.) 
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Cumberland, Snyder, Juniata, Perry, and other counties, and are 
worked at several localities for the manufacture of both building- and 
paving-brick. The Clinton shales have been dug for brick-making in 
Laurelton and Hartleton townships of Union County and at Watson- 
town, east of Williamsport; and the Martinsburg shales at Reading and 
Harrisburg. 


CARBONIFEROUS 


To the clay-worker the most important group of formations occur- 
ring in Pennsylvania is of Carboniferous age. It includes a wide range 
of plastic materials from sandy shales up to the highest grades of fire- 
clay. Unfortunately, detailed systematic study of the shales and 
fire-clays of the entire Carboniferous area of Pennsylvania has but 
recently been undertaken, so that at present only scattered references 
are available. These occur in the reports of the Second Geological 
Survey of Pennsylvania, reports of Hopkins in western Pennsylvania, 
and a paper by Ashley before the Ceramic Society of America,! and 
brief references in recent publications of the Topographic and Geologic 
Survey of Pennsylvania. Various references are found on p. 538. The 
occurrences are here taken up in regular order beginning with the 
oldest. 

Mauch Chunk.—Shales of this age have been worked for bricks at 
Kane and Hazleton. 

Pottsville-—This part of the Carboniferous is composed chiefly of 
sandy beds, as sandstone and conglomerates, but contains several beds 
of shale and coal, the latter usually underlain by fire clay. The most 
important of these clays is thought to belong in the position of the 
Mercer coal. The Upper Mercer coal is underlain by a fire-clay in Elk, 
Butler, Huntingdon, McKean, and Cameron counties, while in Beaver, 
Lawrence, and Mercer counties shale beds have been noticed in this 
position, but no fire-clays. Plastic clay is also recorded from Mayport, 
Clarion County (Ref. 13); and flint-clay from Climax and St. Charles, 
Armstrong County (Ref. 3). The principal deposits, however, lie in 
the central part of the State particularly in Clearfield, Centre, Clinton, 
Cameron, and Elk counties. 

In Elk County a bed of fire-clay, said to be associated with an Alton 
coal-bed, has been worked in Benezette township. Another bed below 
the Mercer is found in Mercer County. 

Flint-clays assigned to the Mercer horizon, are or have been mined 


1 Ashley, George H., The Fire Brick Materials of Pennsylvania, Jour. Amer. 
Ceram. Society, Vol. 6, No. 7, July, 1923. 
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extensively in Clearfield County at Lumber City, Curwensville, Mineral 
Spring, Woodland, Bigler, Wallaceton, West Decatur, Burly, Chase, 
Faunce; at Sandy Ridge, Orviston, and Hayes Run, Centre County; 
Queens Run, Farrandsville, and on Tangascootack Creek, in Clinton 
County. . 

Clay at the Mercer horizon has long been mined extensively on the 
western flank of Chestnut Ridge in Fayette and Westmoreland counties, 
and at Keystone in Somerset County. Good clay is confined to the 
zone of weathering. Iron has been brought together here in the form 
of nodules which are easily separated. 

Allegheny Group or Lower Productive Measures.—This group con- 
tains a number of important beds of fire-clay and coal in western and 
western-central Pennsylvania. The group rests on the Pottsville sand- 
stone, and extends to the top of the Upper Freeport coal. Along the 
upper Ohio River, where the section is specially important, the following 
beds are seen: ! 


SECTION ALONG THE UPPER Onto RIVER IN PENNSYLVANIA 
1. Upper Freeport coal; ‘Four-foot or ‘ Hooks- 


Gowns Vein Post ee he ceitenstra aa eaccen ern ena Rane eee ee Oto 4 
2: Fire Clay. ames nace oe ee ee eee ee 2to 4 
Sere Bibaste neyo me enin ea Serr Wolds Agia biadodare-c lto 4 
: } Shale EVOVCNISENAVGISHOING, ny yc coe cour oe een eeer* 50 to 70 | 
6. Lower Freeport coal (usually absent)........... Oo F2 
Ta Vine, clayag-i geome ee a ee ee eee Oto § 
8. Limestone (sometimes present)................ fee 
9. Sandstone, or sandstone and shale............. 70 to 90 
10. Darlington; “Block vein” at Smith’s Ferry..... Ito 2 
11. Fire clays. g-tor «Sasi eae ce eee 4 
12. Black slate with irom nodules.................. 20 to 30 
13. Lower Kittanning coal; “Sulphur vein”........ 2to 3 
14. Fire: clayoruaaavnnic etait oe mee ee eae 6 to 10 
15. Sandstone | 
16. Shale... foots otters einai ee same es «ee 40 
17. Limestone, ferriferous, ““Vanport limestone”... . 1 to 20 
Black shale: ...s\ soi ae eee Siena ee eee 15 
Fire clay..... 
18. isan Shale ti} <0 s:tale eRe eee eee 20 
Fire clay... . J 
19." Clarion coal ase ene les 100 
20, . Fire: clays cysccrye.s anu vet ore ee 4to 6 
21, Sandstome...a: hue ye eee 23 
22. Shale.’ sy 5 seesvenes ate ae 25 
3. Brookville coal ):77.), a2 yee 6 
24. Fire clay, . o.\viy 4g cee ee ee ee 4 


‘U.S. Geol. Sury., Bull. 225, p. 467, 1904. 
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Brookville clay—The Brookville coal is underlain by a persistent 
bed of clay. In parts of western Pennsylvania some at least of the 
flint-clay ascribed to the Mercer horizon may belong at or near the 
horizon of the Brookville coal. In the upper Ohio and Beaver River 
region this clay is irregular and often impure.! 

Clarion flint-clay.—Flint-clay occurs in Clarion County and elsewhere 
between the Lower Kittanning coal and the Vanport limestone. It has 
been mined at Bolivar for fire-brick,? and has also been mined on Brady’s 
Run, Beaver County. 

It has been extensively mined in Clearfield County at Woodland, 
Krebs, and elsewhere, and at many points in Clarion County.? It is 
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Fig. 154.—Map of South Clearfield and parts of Indiana and Jefferson counties, 
Pa. (After Ashley, U. 8. Geol. Surv., Bull. 285, 1906.) 


usually described by the clay men as differing from the Mercer clay in 
quality and in lack of persistence, as a clay showing a good thickness on 
the outcrop but turning into soft clay on driving under the hill. Clays 
and shales of the Clarion member of the Allegheny group are mined for 
brick-making, notably at Clearfield, Kittanning, and at many other 
places. 

Lower Kittarning clay—Underlying the Lower Kittanning coal 
there is an important bed of clay which is often more valuable than the 
coal, and has been extensively used for the manufacture of clay products. 
So commonly is the Lower Kittanning coal underlain by the thick 
under-clay that this character has been used by the geologists as one 


1 Hice, R. R., Trans. Amer. Ceram. Soc., Vol. VII, Pt. I, p. 251. 


2 Second Penn. Geol., Rept. K3, p. 43. 
3 Clays of the Clarion Quadrangle, E. F’. Lines, Bull. 315, pp. 335 to 343, 1907. 
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means of identifying that coal-bed. In places the clay reaches a thick- 
ness of 20 feet or more. It has been extensively developed along Beaver 
River and westward from there down the Ohio. It is much used by 
the pottery and tile works at New Brighton, East Liverpool, ete. 

Hice! states that in the upper Ohio and Beaver River region it is 
persistent, quite constant in quality, and has a good roof, but on account 
of the extent to which it has been worked in this area it is sometimes 
called the ‘“ New Brighton clay.” Pottery, hollow ware, fire-brick and 
paving-brick have all been made in Beaver County from this clay, dif- 
ferent parts of the deposit being used for these several purposes, either 
alone or mixed with other clays. 

The sections given in Fig. 156 represents the position of the Lower 
Kittanning clay at several localities. The Second Pennsylvania Geologi- 
cal Survey reports refer to it in the counties of Armstrong,” Beaver,? 
Fayette, and Westmoreland.* 

Stoneware clay at this horizon is reported from Girty,® a flint-clay 
from the Little Mahoning Creek drainage basin of central Pennsylvania 
(Fig. 154) (Ref. 2); plastic clay from Clarion County (Ref. 13); and 
a persistent bed of flint-clay of variable quality in the northern half of 
the Kittanning and Rural Valley quadrangles (Ref. 3). 

Middle Kittanning clay —This bed (known locally in Beaver County 
as the Darlington) is commonly found under the coal of the same name 
in Allegheny, Armstrong, Tioga, Elair, and Beaver counties. It is 
being worked in Beaver County on Brady’s Run, and is there partly 
a flint-clay. The clay is not uniform in thickness, and of more variable 
quality than the Lower Kittanning. 

Woolsey ® states that in the Ohio Valley the bed is a very persistent 
one, but rarely worked on account of the iron nodules which it contains. 

Ashley (Ref. 2) reports a flint-clay at this horizon at a number of 
widely separated points in central Pennsylvania, especially about 
Westover and near McCartney in Clearfield County. It is worked for 
stoneware at Hawthorne, Clarion County (Ref. 13). 

Upper Kittanning clay—Clay under the Upper Kittanning coal 
appears to be rarely of value in Pennsylvania. 

Lower Freeport clay—Above the Kittanning member of the Alle- 


1] ¢. 


*H5. See also Hopkins, Clays of Western Pennsylvania, Ann. Rept., Pa. State 
College, 1897, p. 33. 

$Q., p. 58, 59, 190, 193, 195, 205 and 215. 

4K3., p. 40. 

°U.S. Geol. Atlas, Folio, Elders Ridge, No. 123. 
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gheny comes the Freeport member containing two coals and underlying 
clays, and two limestones which underlie the clays. 

The Lower Freeport clay does not appear to have assumed much 
importance, and little mention is made of it in print. In the upper 
Ohio and Beaver River region it is generally quite thin, but in places 
reaches a workable thickness, and at one point on Brady’s Run 22 feet 
have been mined. It has been used for low-grade fire-brick, but usually 
carries too many impurities to allow its use for refractory purposes. It 
is generally thoroughly vitrified at cones 6 and 7.1. On Block House 
Run, Beaver County, it has been worked for sewer-pipe.2. It has been 
used also in Armstrong County. 

Upper Freeport limestone clay or Bolivar fire-clay—A short distance 
under the Upper Freeport coal and associated with the Upper Freeport 
limestone, though often present when the limestone is absent, is found 
a bed of high-grade fire-clay known as the Bolivar clay, long mined at 
the locality of that name in Westmoreland County. It is a non-plastic 
or flint-clay, which has been extensively used in fire-brick manufacture. 
On the Ohio and Beaver rivers this seems to be replaced by a less refrac- 
tory shale. Flint-clay, usually too ferruginous for high refractory ware, 
is found at many points in central and western Pennsylvania at this 
horizon. In places the flint-clay and soft clay appear to be intimately 
associated, in others they are distinctly separated, the flint-clay under- 
lying the soft clay. 

Upper Freeport clay.—This underlies the Upper Freeport coal, but 
is often more persistent than its coal-bed. In the Ohio Valley region 
it is found at several points,? and has been used for fire-brick. It is 
sometimes mixed with the Lower Kittanning clay. It has also been 
worked around Bolivar and Salina. As a rule this clay almost equals 
the clay under the Lower Kittanning coal in thickness, if not in value. 

Conemaugh group or ‘‘ Lower Barren Measures.’’—These consist 
largely of shales and sandstones with some limestones, the shales pre- 
dominating in the upper part of the section and the sandstones in the 
lower. They extend from the Upper Freeport coal to the base of the 
Pittsburgh coal, and their general character can be well seen from the 
accompanying section (Fig. 157). They form the surface of a large 
area in Allegheny, Armstrong, Butler, Beaver, and Westmoreland 


counties.* 
Their importance was well set forth in a repert issued by the Penn- 


1 Hice, |. c. 

2 Woolsey, Le., p. 472. 

3 Woolsey, |. ¢., p. 472. 

4See map, U. 8. Geol. Surv., Bull. 65. 
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sylvania State College.' In this Affelder states that at Pittsburgh, 
where 320 feet of strata of the Conemaugh formation are exposed between 
the level of the Monongahela River and the outcrop of the Pittsburgh 
coal near the hilltop, almost all of the rock is shale, most of which is 


Fire clay |i 


Fire clay ||| 


Concealed 


Coal S 
Fire clay |) 


Lower ) im 
Kittanning.|j\\||| 
fire clay |} 


Ferriferous | 
limestone 


Ferriferous! 
limestone j 


Fig. 156.—Vertical sections near New Brighton, Pa. (After Hopkins.) 


well adapted to the manufacture of brick. The color is variable, but 
most of the beds are red-burning. Fire-clays do not appear to be abun- 
dant in the Conemaugh, but some low-grade ones have been found and 
used to advantage for the manufacture of building- and paving-brick, 


1 The Clays of Western Pennsylvania, Ann. Rept., Pa. State College, 1897, p. 137. 
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Pittsburgh coal 
Thin local coal bed 


Pittsburgh limestone 
Thin local coal bed 


Connellsville sandstone 


Thin local coal bed 
Clarksburgh limestone 


Morgantown sandstone 


and limestone 


Ames limestone 
Harlem coal 


Upper Bakerstown coal 


Woods Run limestone 


Lower Bakerstown coal 
Saltsburg sandstone 


Pine Creek limestone 
and coal 


Buffalo sandstone 


Brush Creek limestone 
Brush Creek coal 


Mahoning coal 


Mahoning sandstone 


Upper Freeport coal 


Wellersburg coal, clay 


Duquesne coal and clay 


Composed chiefly of shale. Sand- 
stone beds are locally very thick and 
prominent. Contains several coal 
beds which locally are thick enough 
to mine, but only two of which are 
being mined today (1923). The up- 
per half of the group includes two 
limestone beds which in the southern 
half of the quadrangle are frequently 
thick enough to make it profitable to 
quarry them. The lower half of the 
group contains threethin fossiliferous 
limestone beds which are important 
stratigraphic “‘markers.’”’ The red 
beds of this group are often con- 
spicuous in the landscape. 


Fic. 157.—Section of Conemaugh series in Pennsylvania. (After Johnson, Greens- 
burg Atlas, Pa. Geol, Surv., 4th series, 1926,) 
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as at Harmonville. Of the fifty-seven yards listed in the report just 
referred to over two-thirds use shale wholly or in part. 

Ashley notes an important shale bed in the Conemaugh, just above 
the Mahoning sandstone, which is especially well developed in north- 
eastern Indiana County and southeastern Jefferson County (Ref. 2). 
In southwestern Cambria County a flint-clay is found close to the top of 
the Mahoning sandstone in the Johnstown district. It may grade into 
plastic clay (Ref. 15). Promising shales also occur in Armstrong and 
Indiana counties (Ref. 17). 

Monongahela Series or Upper Coal-measures.—These show their 
greatest development in southwestern Pennsylvania, and while the 
shale-deposits do not appear from published reports to be as abundant 
asin West Virginia, still occasional thick beds of shale occur. 

An important clay-parting, 6 to 10 inches thick, is found in the Pitts- 
burg coal-bed, and is used in the Monongahela Valley. It has to be 
removed in mining the coal and can hence be made a source of profit. 
The shale over the coal has been used at Fayette City for making red 
brick, while at Pittsburg the shale of this group is used for making brick 
and terra-cotta lumber, 


PLEISTOCENE CLAYS 


These are distributed over most of the State. They are of superficial 
character and rarely of great extent. Around Philadelphia the Co- 
lumbian loams have for many years been worked for both common and 
pressed brick. 

In western Pennsylvania clays are found under many river terraces, 
notably along the Allegheny, Monongahela, Beaver, Ohio, and Youghio- 
gheny.! Along the Ohio and Beaver rivers there are three well-marked 
terraces, lying respectively 30-50, 150, and 200-250 feet above the river- 
level. Clays, which are dug in the highest and lowest of these, are used 
for brick and earthenware, and excellent results are sometimes also 
obtained by mixing these with shales. 

In other parts of the State many local deposits are employed for 
common and pressed brick.” 


1 Hopkins, Ann. Rep. Pa. State College, 1897, p. 144. 
2 Many localities are noted in Prof. Pap. 11, U.S. Geol. Surv., pp. 235-288. 
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ANALYSES OF PENNSYLVANIA CLAYS 


us II. Iii. IV. Wo VI. viEls Vill, 
ili NOP BAGS reed. cic 73.30 59.83] 46.26] 51.72) 44.04] 55.21) 45.65) 58.75 
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Dllican(S1O>) see 50.37] 62.89} 51.92) 55.33] 46.16) 67.78) 61.81) 54.09 
fe ee evan iaie 82.89] 21.49] 31.64) 27.84] 26.97] 16.29} 27.18) 19.95 
ee: FeO | FeO | FeO | FeO sl 
Ferric oxide (FeOs).- { 1.64 1.81! 1.13) 2.91] 7-21] 4-57] 6.96 aes 
Ibe (CAO): cnc adonsec 0:31) OF38) 0203) 0258] 2-21) ROO es OO) Oa 
Magnesia (MgO). ...... 0235] 0256)" 02441) O75) 1252) 9 Os7 2) eS0 Io 
ODOR SOE ocosce } 0.29} 2.52! 0.40! 3.91| 3.24] 2.00)...... 3.31 
Soda (NazO)-....--- 
Water (HO) Sanaa F208" 13249 AO) LE 22 Grote 22 
Titanium oxide (TiO2). .| 1.03) 1.82) 1.16) 1.14) 0.74) 0.78 
lonition sere eet 13.27 6 |e emer || erereten ete { oo } Fe | ee | eee 8.98 
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I. Mount Holly, white mixed clay, residual. 
II. Conshohocken, parti-colored clay, residual. 
III. Brandywine Summit, residual. 
IV. Wilmarth Station, Mercer fire-clay. 
V. Fletcher mine, Elk County, Sharon fire-clay. 
VI. Somerset County, Mt. Savage fire-clay. 
VII. Sandyridge, Clearfield County, Brookville under-clay. 
VIII. Kittanning, Clarion coal under-clay. 
IX. Allegheny Furnace, ferriferous coal under-clay. 
X. New Brighton, Kittanning lower coal under-clay. 
XI. Salina, Kier Bros., Bolivar under-clay, flint-clay. 
XII. Salina, Kier Bros., Bolivar under-clay, plastic clay. 
XIII. New Brighton, Mendenhall & Chamberlain, terrace-cla 
XIV. New Brighton, Elverson & Sherwood, terrace-clay. 
XY. Allegheny, Allegheny Brick Co., analysis of brick. 
XVI. Butler, Butler Brick and Tile Co. 
Numbers I-XVI from U. 8. Geol. Sury., Prof. Pap. 11. 
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RHODE ISLAND 


This State has very limited clay resources. Glacial clays are known 
ata few points around Narragansett Bay, but the principal occurrence 
is found in the town of Barrington, where the deposits of bluish-gray, 
sometimes sandy clays are worked for the manufacture of common brick. 


REFERENCE ON RHODE ISLAND CLAYS 


1. Woodworth, J. B., Shaler, N. S., Marbut, C. F., The Glacial Brick-clays of Rhode 
Island and Southeastern Massachusetts, U. S. Geol. Sury., 17th Ann. Rept., 
Po lp 95%) L896. 


SOUTH CAROLINA 


The northwestern part of the State is underlain by crystalline rocks 
which extend to the edge of the Coastal Plain. In this area there are 
a number of residual clays which can be used in common brick manufac- 
ture. Deposits of white residual clay (Ref. 1) from pegmatite have been 
prospected near Abbeville, but there is no commercial production. 

The most important clay deposits in the State are the white clays 
of probable Upper Cretaceous age which form a belt across the State 
lying southeast of the Fall line (Fig. 158). These white sedimentary 
clays which are erroneously called kaolins, occur as lenses which are 
associated with whitish sands and are overlain by sands of a ferruginous 
character (Fig. 159). 

They form the basis of an important clay-mining industry the product 
from the pits being used in whiteware, floor- and wall-tile, for pigments, 
in paper manufacture, ete. 

Analyses and physical tests of some of these white clays are given 
below: 

ANALYSES OF SouTH Caronina Warr Crays 
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-|White sand 


*|Red sand and clay 
‘|Red sand : ; : 
: Fic. 159.—Section in pit of South Carolina 
ele Sue eleay Clay Co., south of Langley, S. Ca. 

(Bayley, U. S. Geol. Surv., Bull. 708, 1922.) 
-| Coarse white sand 


and lenses of clay, 
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PuysicaL Tests or SoutH CaroniInA WHITE CLAYS 
(Made at U. S. Bureau of Mines) 


I ef ial 
| 
Per cent | Per cent | Per cent 

Water of plasticity...... .| 43.4 43.76 32.00 | 
Volume air shrinkage....) 22.54 17.90 11.46 | 
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I. White clay.. Bath, S. Ca. 
II. White clay near Warrensville, 8. Ca. 
III, White clay, Abbeville, S. Ca. Residual. 
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SOUTH DAKOTA 


Very little information has been published regarding the clays and 
shales of this State, and it is difficult to discuss them by formations, as 
has been done with most of the other States. 

Aside from scattered references, the best and most recent informa- 
tion is that given by J. E. Todd,! from which most of the facts below are 
taken. 

Clays abound in many parts of the State, the most important depos- 
its being found in the Cretaceous, which is largely composed of clay- or 
shale-deposits, but clays of the lower grades, are not wanting in the 
Pleistocene formations. None appear to have been noted from the 
Carboniferous. It seems likely that, owing to the absence of local 
demand, distance from important markets, and in some cases remoteness 
of the deposits from railroads, the development of the beds, unless of 
high grade, will be necessarily slow. 

Kaolin, apparently derived from the weathering of a granite vein, 
has been reported from the vicinity of Custer, but much of it is said to 
be white-burning and of comparatively easy fusibility. The possibility 
of finding it in the Harvey Peak and Nigger Hill regions is also sug- 
gested. 

Fire-clays are found at three or four horizons in the Fuson formation 
of the Cretaceous, and are best developed in the vicinity of Rapid City, 
where they have been used for fire-brick manufacture. Similar beds 
occur at Hot Springs. Analyses of the Rapid City clays are given below. 

It is possible that fire-clays may underlie the lignite beds of the 
Laramie in the Cave Hills, but no search has been made for them. 

Potter’s clays have not been definitely located, but there are many 
drab and gray plastic shales in the Fuson, Dakota, Pierre, and Laramie 
formations of the Cretaceous, which might answer for this purpose. 
Some of the Tertiary beds may also prove of value. 

These materials are distributed in all parts of the State, but east 


18, Dak. Geol. Surv., Bull. 38, pp. 101-107, 1902. 


544 NORTH DAKOTA TO WYOMING 


Fra. 160.—Beds of Cretaceous fire-clay, southwest of Rapid City, 8. Dak. (After 
Todd, 8. Dak. Geol. Surv., Bull. 3, p. 118, 1902.) 


Fig. 161.—General view of valley at Thurber, Tex., underlain by paving-brick shale. 
(Photo hv H Riese ) 
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of the Missouri River the heavy covering of glacial deposits renders them 
more or less inaccessible, except where they have been exposed along 
the larger streams. 

Brick-clays have not been extensively worked. Professor Todd states 
that: “Over much of the State, particularly in close proximity to the 
principal towns, good brick-clay is not very accessible. This results 
from the fact that the settlements have been mainly made in the glacial 
region east of the Missouri and in the mountainous region of the Black 
Hills, where the clays are generally stony. . . . In the regions between, 
where clay is more abundant, the population has been small and fuel 
scarce.” 

Alluvium is used for common and pressed brick at Vermilion, Clay 
County, and the same products are made from similar materials at 
Rapid City, De Smet, Big Stone City, Lead City, ete. 

The glacial clays are usually unsatisfactory, because of the pebbles 
and concretions which they contain. 


ANALYSES OF SoutH DaxoTa CuLays 
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I. Rapid City. 
II. East slope of ridge at Rapid City. ; From 8. Dak. Geol. Surv., Bull. 3. 
III. Rockerville Hill, Rapid City. 


REFERENCES ON SOUTH DAKOTA CLAYS 
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2. Todd, J. E., The Mineral Resources of South Dakota, $. Dak. Geol. Surv., Bull. 3. 
TENNESSEE 


The geologic formations occurring in Tennessee include pre-Cam- 
brian, Cambrian, Ordovician, Silurian, Devonian, Carboniferous, 
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Tertiary, and Pleistocene, but all of these are not important as sources 
of supply for the ceramic industry. 

The pre-Cambrian rocks occur in small areas along the eastern border, 
while west of them, and folded into many narrow belts, lie rocks of Cam- 
bro-Silurian age. The Carboniferous extends from the eastern edge of 
the Cumberland Plateau westward to beyond the Tennessee River. A 
large area of Silurian is found in the central part of the State, while 
another is found along the Tennessee River in the southern half of the. 
State. This is followed by a broad belt of Tertiary, which in turn is 
separated from the Mississippi River by a band of Pleistocene. 


PrE-CAMBRIAN CLAYS 


No kaolin-deposits have been described from the crystalline area 
of eastern Tennessee, although it is probable that some at least exist, as 
the author has seen samples of kaolin from this region. They will be of 
little commercial value, however, unless located fairly close to lines of 
transportation. 


PaLEozoic RESIDUAL CLAYS 


The rocks of the Palseozoic formations yield residual clays from 
both limestones and shales. These are usually impure, although often 
tough and plastic, and are much used for brick- and tile-making.! 

Some of the highly siliceous clays derived from the Knox dolomite 
are refractory,? and fire-brick are made from them near Cleveland. At 
Smithville a white clay, derived from the slate in the upper part of the 
Fort Payne division, is used for pottery. 


ORDOVICIAN 


Ordovician shales are used at Johnson City for making hollow brick 
and tile, and at Kingsport, for face brick, tile, and terra cotta. 


CARBONIFEROUS 


There is but little recent reliable information relating to Carbon- 
iferous clays or shales in Tennessee. 
FEET i hc Aral 12 E : 
J. M. Safford, in his report on the Geology of Tennessee published 
in 1869, refers to the following occurrences of clay in the Carboniferous: 


1 Many seattered references, but of very brief character, are to be found in the 
U.S. Geol. Surv., Geol. Atlas Folios, as follows: No. 21 (Pikeville); 16 (Knoxville); 
59 (Bristol); 4 (Kingston); 8 (Sewanee); 2 (Ringgold); 53 (Standingstone); 40 
Wartburg; 27 (Morristown); 22 (MeMinnville). a nd 

?U.S. Geol. Surv., Geol. Atlas, Folio No. 2 (Ringgold). 
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Near the Cumberland Iron Works, in Stewart County, is a bed of 
fire-clay of Lower Carboniferous age; ! another occurs 4 miles southwest 
of Cumberland City, in Stewart County; in the valley of Crow Creek, 
near Anderson station, the coal-measures at the margin of the table- 
land show a fire-clay 3 feet thick, 163 feet below the top of the cliff; 2 in 
Franklin County, near the Grundy County line, and 4 miles northwest 
of the track of Sewanee road at the old Logan bank, is a bed of clay 115 
feet below the conglomerate; * near the lower end of the Battle Creek 
Valley, in Marion County, is a bed of fire-clay 2 feet thick; 5 milessouth- 
east of Tracy City, and 13 miles from Parmly Bank, a bed of clay under- 
lies the main Sewanee coal; * another occurs at the north end of Lookout 
Mountain, below the upper conglomerate.® Many of the under-clays of 
the coal-seams, according to Safford, are of refractory character.® Fire- 
clays, mostly undeveloped, are said to be associated with the coals in 
the areas covered by the following Geologic Atlas Folios: Standingstone, 
No. 53; Wartburg, No. 40 (used for pottery).” 

In the Kingston region the beds of clay which underlie the coals 
are no doubt refractory in many cases, but they are wholly un- 
developed.® 

The Mississippian shales are worked at Chattanooga for the manu- 
facture of tapestry, face, and common brick, as well as hollow blocks, 
inierlocking tile, drain-tile, and turpentine cups. 

At Oliver Springs and Robbins respectively, large quantities of face 
brick and vitrified brick are produced from shales associated with the 
coal measures. 


CRETACEOUS 


The Ripley formation, consisting mostly of sand, extends from north 
to south across the western part of the State, in a somewhat narrow belt. 
There are local deposits of clay. At Hollow Rock some sagger and ball- 
clay are dug, and some is also obtained from two localities in Henry 
County. 


1 Safford, Geology of Tennessee, p. 349. 

2 Tbid., p. 372. 

+ Ibid., p. 373. 

4 Tbid., p. 380. 

5 Tbid., p. 385. 

Sipids, polls. 

7 See also Geologic Atlas U. 8. Folio 33, Briceville; Folio 21, Pikeville; Folio 4, 
Kingston. 

8 Idem, Folio 4, Kingston. 
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4 miles north of 
Paris, Tenn. 
H. C. Spinks 


Orange-red sands 

with siliceous 

gravels, ironstone 
concretions, and 

clay pellets 12’ 
Ferruginous * 
sandstone (hardpan) 2 


=| White sagger clay 
somewhat sandy 6° 


=| Brown sagger clay 4° 


Gray-blue and 

b pale-brown clay 3° 
ee ==| Lignite 114’ 

=| Dark-brown to : 
blackish-green clay 3-5 
Pale yellow-brown 

clay 4° 

i222] White sand 

thickness unknown 


Fig. 162.—Section in La- 

grange clays, 4 miles north of 

Paris, Tenn. (U. 8. Geol. 
Surv., Bull. 708, 1922.) 


PuysicaLt Trsts 


DAKOTA TO WYOMING 


TERTIARY 


The clays of the Lagrange formation in 
western Tennessee are the best in the State. 
The clay occurs as lenses, which often are 
some acres in extent, and may have 
lignite associated with them. Sand and 
gravel, sometimes of considerable thickness 
usually overlies the clay (Fig. 162). The 
principal deposits are in Henry and Carroll 
counties, although they have also been 
found to some extent further south. Sev- 
eral grades of clay are frequently found in 
the same lens (Fig. 165). These clays form 
the basis of an important clay-mining 
industry, the product being shipped to a 
number of States. The types dug include 
ball-clays, refractory bond clays, sagger and 
wad clays. They are used in the manu- 
facture of table and toilet ware, sanitary 
ware, electrical porcelain, art pottery, glass 
pots, graphite crucibles, ete. 


oF LAGRANGE CuLAys. (PARMELEE) 


I II Il 
Wie tetrOlmlastiCliyan pel iCel ti Bb 31.8 Dies 
Modulus of rupture, pounds per square inch. ..... 240 101 69 
Ilinear air shrinkage, per cent................... 8.82 5.2 5.6 
Linear fire shrinkage, per cent, Cone 2.......... 5.0 12 eee 
Conem0 ee. ere 13383 14.3 HES ee 
Conca sea UR 119. 7 alae eee 
JAOROPITUIS, TOE CMMs so oc acu oe ae Conc aee 0.78 2.1 24.8 
Coner 9. ae 1.8 IEG 8.8 
Cones 3 ee sy. (0) 4.5 3.0 
Cone oietuslonn meee eae tne nent ane 32 28 28 


I. Ball clay near MacKenzie. 


II. Stoneware clay 


near MacKenzie. III. Sagger clay, Henry. 


ALLUVIAL CLAYS 


Alluvial clays are found in many of the river valleys, and in most 
cases are the wash from the residual clays of surrounding areas. They 
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often underlie the river terraces. These terrace-clays are used in the 
Maynardville area.! Others are common in the region around Morris- 
town,” especially in the low grounds of the Lick Creek, Nolichucky, and 
French Broad valleys. 

The following analyses of Tennessee clays have been gathered from 


different sources: 
ANALYSES OF TENNESSEE CLAYS 


Locality. SiOg. | Al,O3,| Fe203.| CaO. |MgO.| Alk. | H20. ae MnOp, Remarks. 
| sure. 
Loudon... .... & 06|30.03| 4.50 | 4.70] 4.80\..... 10 re ae Crossley, analyses of 
clays 
Powdes Station./68 3512.96) 6.44 | 0.23] 1 De AT 8 0.9 | J. W. Slocum, anal. 
Chattanooga. . .|68.96/20.42) 1.84 | 0.16) 0.33, 2.18] 6.50)...... trace Tennesebe Payving- 
rick Co, 
RObbInS. wi... aa Lea Dee 9 Ta NO 71) | Ossah verrs80)||\auavetcell\stecettedsax ll etenere rere Oy Worker, Dee., 
893 


REFERENCES ON TENNESSEE CLAYS 


1. Eckel, E. C., Stoneware and Brick-clays of Western Tennessee and Northwestern 
Mississippi, U. S. Geol. Surv., Bull. 213, p. 382, 1903. 
2. Kirkpatrick, F. A., and Nelson, W. A., Tests on the Clays of Henry County, Tenn. 
Geol. Surv., Res. of Tenn., Vol. II, p. 406, 1912. 
3. Nelson, W. A., Clay Deposits of West Tennessee, Tenn. Geol. Surv., Bull. 5, 1911. 
4. Parmelee, C. W., Ball-clays cf West Tennessee, Tenn. Geol. Sury., Res. Tenn., 
Vol. IX, p. 108, 1919. 
5. Ries, H., Clays of the United States Hast of the Mississippi River, U. S. Geol. 
Surv., Prof. Pap. 11, 1903. 
6. Ries, H., Bayley, W. 8., and others, High Grade Clays of the Eastern United 
States, U. 8. Geol. Surv., Bull. 708, 1921. 
. Schroeder, R. A., Ball Clays of West Tennessee, Tenn. Geol. Surv., Res. Tenn. 
Vol. IX, p. 81, 1919. 


a | 
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Deposits of clay or shale are scattered over all parts of Texas, but 
only those in the eastern part of the State have been systematically 
investigated. Indeed, it is not likely that those occurring in the western 
part will be developed to any extent for some time, owing to the sparsely 
settled character of the country and lack of transportation. 

The annual reports of the First Geological Survey contain scattered 
references to clay-deposits, but few tests. In 1903 the University 
Mineral Survey undertook an examination of those deposits lying east 
of the 99th meridian, and the results of this work have appeared in 
bulletin form.? The following remarks, unless otherwise stated, deal 
with the area mentioned. 

1See Geologic Atlas U. 5. Folio 75, Maynardville. 
2 Geologic Atlas U. S., Folio 27, Morristown. 
3 Univ. of Tex., Bull. 102, 1904. 
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The map, Fig. 163, shows the location of nearly all the deposits exam- 
ined, their relation to the geology of the State, and the type of clay found 
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Via. 163.—Map of eastern Texas, showing distribution of clay-bearing formations. 
(Compiled from various survey reports.) 


at each locality. From this map it will be seen that the clay-deposits 
found within the area under discussion range from Carboniferous to 
Pleistocene in age, the older deposits being found in the northwestern 
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part of the area, while those of the Cretaceous and Tertiary lie to the 
east, southeast, and south. The Pleistocene clays are found in part in 
a belt along the coast, and in part along many of the larger rivers, where 
they often underlie extensive terraces. 


CARBONIFEROUS CLAYS 


The Carboniferous rocks of northern Texas outcrop in a broad belt 
extending from the south side of the Colorado River Valley, between 
Lampasas and Concho counties, northward as far as the Red River 
in Montague County. This belt is about 250 miles long and averages 
about 45 miles in width. The rocks consist of a succession of shales and 
sandstones, together with occasional beds of limestone and coal, showing 
a gentle west and northwest dip of a few feet per mile. The entire series 
is subdivided into five groups (Ref. 2). Scattered through these are a 
number of beds of shale of excellent quality, some of which are asso- 
ciated with the coal-seams and could be mined in connection with them, 
while others outcrop on the surface (Fig. 161), where they are easily 
accessible for working. 

These shales have been worked at only three localities, namely, Thur- 
ber, Millsap, and Weatherford, and are used for dry-pressed brick, stiff- 
mud paving-brick, and for pottery. Other good deposits are known to 
occur at Graham, Bridgeport, and Cisco. None of these, as far as 
known, are of refractory character. Some, as might be expected from 
their close association with coal-seams, are quite carbonaceous, and 
therefore of less value, because of the trouble they would cause in burn- 
ing. The uniformity of the Carboniferous shale-beds is much greater 
than that of the Tertiary clays, and they moreover extend over greater 
areas. 


CRETACEOUS CLAYS 


Lower Cretaceous.—The formations of this age occupy an area, to 
the east and south of the Carboniferous beds. They are not utilized, nor 
do they appear to contain any deposits of use for anything better than 
common brick. They can therefore be passed over. Near Leaky, 
Edwards County, Texas, there occur some most curious deposits of a 
white clay, which has usually been referred to as kaolin.' The material 
is a whitish clay, with pink and purplish mottlings, which forms vein- 
like deposits in the Edwards limestone. Scattered through it are crys- 
talline masses of aragonite(?). Owing to the condition of the workings 
it is difficult to determine its exact relations to the surrounding lme- 


1 Wirst Geol. Surv. of Texas, 2nd Ann. Rept., p. li, 1891. 
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stone. As the deposits are of small extent and 40 miles from the railroad 
their commercial value is doubtful. 

Upper Cretaceous.—This division of the Cretaceous carries a number 
of important clay-deposits, some of which are of great extent, but 
unfortunately are not the most valuable clay-beds in the State. 

The Upper Cretaceous rocks extend across Texas in a broad belt 
from the Red River north of Sherman down to Eagle Pass, which les 
about the middle of the band. Fort Worth is on the western edge and 
Austin towards the southeastern border. A second belt extends along 
the Red River, with narrowing width, until it passes out of the State in 
the northeastern corner. Since the dip is to the southeast, the older beds 
are found along the western edge of the belt, and the higher or younger 
ones on the east where they pass below the Tertiary strata. Owing to 
the dissimilarity of the several numbers of this group, it becomes neces- 
sary to refer to them individually, beginning with the oldest. 

Woodbine formation.—This consists of a series of sandstones, clays, 
and clayey sands, often containing leaf impressions and lignite. While 
the clay-beds are usually sandy or even bituminous, they become locally 
pure enough, as at Denton, to be utilized for clay-products, although 
even here the beds are rarely of great extent and usuaily interbedded 
with sands. The clays, which are worked at both Denton and Lloyd, 
closely resemble the stoneware-clays of the Tertiary beds to the south- 
east. They are mostly of very plastic, semi-refractory, buff-burning 
character and are utilized for both common stoneware and pressed brick. 

Eagle Ford formation.—This includes a series of bituminous clay- 
shales, which in places contain thin limestone beds. It is one of the 
most extensive and thickest clay-bearing formations in the entire State 
of Texas, and occupies a rather long narrow belt, as shown in Fig. 163. 
While the Eagle Ford clay is of great thickness and well located for 
working, it contains about all the undesirable elements that a clay might 
have, namely, concretions, limestone pebbles, gypsum lumps, and even 
pyrite. Moreover, its bituminous character, as well as extreme tough- 
ness, causes great trouble in its manipulation, and practically forces the 
clay-worker to mold it by one method, the dry-press process, other means 
yielding a brick of too dense character to permit the carbon in the clay 
to burn off. The clay is red-burning, and extensively used for bricks 
around Paris, Sherman, Dallas, and Waco. 

Taylor-Navarro marls, overlying the Eagle Ford stratigraphically but 
separated from it by the Austin Chalk, form an extensive belt of clay, 
which parallels that of the Eagle Ford formation. The beds are marly 
clays, and in their general physical and chemical properties bear a close 
resemblance to the Eagle Ford beds. The Taylor marls are not clearly 
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distinguishable from the Navarro marls, which outcrop to the southeast 
of them and resemble them closely, and for this reason the two are 
included under a single head. 

The Taylor-Navarro marls are all plastic, sometimes glauconitic, 
red-burning clays, and are worked for dry-press brick at Cooper, Green- 
ville, Corsicana, Taylor, and Ferris. 

At Eagle Pass, which lies outside the east and central Texas area 
studied, the Eagle Pass formation, which occurs at the top of the Upper 
Cretaceous, contains shales associated with the coals, and while some 
of these at least are probably adapted to the manufacture of clay- 
products, no tests of them are available. 


TERTIARY CLAYS 


The clays found in the Tertiary formations include the most impor- 
tant ones in eastern Texas, but, owing to the lenticular character of the 
beds and the enveloping deposits of sand with which they are frequently 
associated, prospecting for them is often rendered more or less difficult. 
From the wide distribution of the deposits (Fig. 163) 1t would appear 
that in certain belts of the Territory at least, as mentioned below, clays 
are to be sought for with excellent chances of success. 

In Webb County, west of Laredo in southern Texas, shales are found 
associated with the Eocene coals, and some of those obtained from the 
mines at Cannel are weathered and then shipped to Laredo for making 
dry-pressed brick. 

The other Tertiary beds of eastern Texas consist largely of uncon- 
solidated materials which range from coarse gravels to very fine clay, 
but containing occasional beds of sandstone, limestone, and lignite. 
Several members are recognized, namely, Will’s Point, Lignitic, Marine, 
Yegua, Fayette, and Frio. Of these only the Lignitic and Marine are 
of importance. 

Lignitic.—These beds outcrop in a long but irregular belt (Fig. 163), 
and contain the following types: 

1. Beds of plastic, buff-burning, semi-refractory clay associated 
with the lignite deposits; they are well adapted to the manufacture of 
pressed brick. 

2. Red-burning, plastic, gritty clays, overlying the lignites, and 
worked at Rockdale for dry-pressed brick. 

3. Red-burning, tough, shaly clay, occurring at New Boston and 
Sulphur Springs. 

4, A widely distributed series of grayish, highly plastic clays of 
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refractory or semi-refractory character, and used for stoneware, fire- 
brick, etc, The following analyses p. (431) represent groups PAL TT: 


ANALYSES oF TrerTIARY CLAy TypPEs 


i II III 
Silrcan(SiOs) seeeeR eee 69.33 72.99 70.68 
Alumina (Al,O3).......0+0:-- 19.38 14.70 18.14 
Ferric oxide (Fe20s3).......... 1.06 4.5 0.82 
Lime:(Ca0)- Pee ee 4.86 0.6 0.339 
Magnesia (MgO)............. 0.86 0.3 0.628 
Potash (sO) Savoie orients trace ss 0.41 
Sodau(NasO)Sarieeeer erect 0.08 0.7 0.55 
iin exo! CMOS), cs ascoescc 1.40 1.00 1.14 
Wiaterk (cis @))Seerer eee eer 5.49 4.20 6.18 


Stoneware is made from these clays at Elmendorff, Athens, etc.; 
fire-bricks at Athens and Sulphur Springs; sewer-pipe at Saspamco, and 
pressed brick at Elgin, Athens, Malakoff, etc. 

Marine beds.—These are usually of sandy or glauconitic character, 
but here and there carry clay-deposits of some economic value, and 
adapted to making buff brick and stoneware. They are worked at 
Nacogdoches, Henderson, and Rusk. 


PLEISTOCENE 


This formation includes clays of several types. They form a rather 
broad belt along the Gulf Coast (Fig. 163), where they are mostly of 
sandy character, the Beaumont clays worked for brick around Beau- 
mont and Houston being the most notable exception. These are tough, 
plastic, brown, blue, and yellow clays, carrying irregularly distributed 
nodules of limestone and underlying a broken belt extending from Cal- 
houn County to Jefferson County. ‘They are all red-burning, and used 
chiefly for common brick and to a lesser extent for dry-press brick. 

A second important type includes the river silts found underlying 
the terraces along many of the large rivers, such as the Rio Grande, 
Colorado, Neches, ete. These clays are always silty or sandy and highly 
calcareous, the lime carbonate being present as concretions, lumps, shells, 
or in a finely divided condition, and forming at times over 50 per cent of 
the material without apparently diminishing its plasticity. They are 
especially well seen and extensively worked at Austin and Laredo. 
Though chiefly used for common brick, these clays have also been worked 
for pressed brick, and in a few localities, as near San Antonio, they 
are of the proper character for employment as a stip for stoneware. For 
practical purposes the clays found within the area just discussed can 
be divided into the following groups: I. Fire-clays; II. Stoneware- 
clays; III. Brick-clays; (a) Buff-burning, non-caleareous; (6) Red and 
brown-burning; (c) Calcareous; (d) Sandy; IV. Paving-brick clays; 
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Fra. 164.—Bank of sewer-pipe clay in Lignitic (Tertiary) formation, Saspamco, 
Texas. Shows electric system of haulage. (Photo by H. Ries.) 


Fig. 165.—Clay pit in Lagrange clays near Whitlock, Tenn. The section shows 
several different grades. (H, Ries, photo.) 
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V. Slip-clays. Their distribution is shown on the map Fig. 163 and a 


few representative analyses are given below. 


ANALYSES OF TEXAS CLAYS 


Ie re III. IV. V. VI. 

Silica(s1O>) sen eee 63.07| 63.43] 45.44] 55.10} 49.45) 73.00) 72.9 
Alumina (A1,O3)......- 19243) 23. 421540230) 23280) 17-10) 15.73 sf 
Ferric oxide (Fe.O3)....| 4.75] 1.15) 0.54) 3.51) 3.45) 0.63 vs 
bins (CAO), apa coacsos 1.32) 0.45) trace 3728) L260 wleZ9 6 
Magnesia (MgO)....... 0.50] 1.23) trace pet) kre) 1 Se 3 
Ponisi. (ONS soacsedcleacoss 0.07| trace | 0.50} 0.13) 0.10 5 
Soclam(Niaic@))Sraeren ieee | Geena O48) sek) Wee) O21) Wie Sif 
Titanic acid (Ti0,)... .| 1.47] 1.13] trace MOS} 2 O2/0\Oe4s m0) 
Water (HO) Stee 6.S0| 7.00] 13.29] 6.00} 4.84) 5.76 Be 
Sulphur trioxide (SO;)..| 0.15]......}..-... Bec PAa(O0) 
Organicimattenysee |e (0.240 oe | een eel eran 
(Chinon Ghose: (COR, dleoccos|ecscscllbsoec. Weal Ue 

Total eae cree 97.59} 98.54] 99.95} 99.81] 99.43) 98.69/100.5 

TX. X. XI. >. i XIII. XV. 

nea (SHON. cos acococbacsons 74.04) 66.01] 57.01| 77.75} 49.40 53.6 
INuambares, (NKOR)s 5 chocacoos doc 15.15) 18.82) 11.85} 11.04] 17.90 9.0 
Ferric oxide (Fe.Os)..........- 0.50) 6.33) 3.02) 3.19] 4.50 2.6 
Limes(CaO)Sanemece sec oe eer 0.50) 0.55) 9.56) 0.84) 9.50 17.8 
Meveravesies (UNO), coco ooad0c0« 0.27) 1.88) 1220) 0-38)" 1°88 1.2 
Potasha(KeO) aa. icine 0542| SOG O81 5o|aeeieee | Gee 1.8 
ocatg NaC) Aenccme irs ete tere eA (WoOell SOI ls <5 5 56 trace trace 
PivemU@ OC! (MO), oocoo coon. Mhcoull| KOR ois altel! abel ah Os 8 
Water (HO) en ene 6.00] 4.80] 4.00] 3.24] 4.58 é 
Sahn ogye vO (SO) bo oasoaccllssacacllssoonalle-soa- 0.51 
Organicsmattersscn era cveler tell reese | iceman 
Caro~in Chee (CObs 60 sovccdlesacocle scence 3 O0|Praseree 9.55 

Ota uasheine sce rarer: 99.31) 99.58) 98.53) 98.18] 98.36 


PuysicaL Tests or Texas CiLays 


if, 1k Iw VI. 
eee FEC UlTed jee 25 = 23 is a 33 ; 
ABULICLUY s aeteeg- cote asc tines ee nena oe 00 00 ow i 
Average tensile strength, lbs. per sq.in. 333 02 159 Aes 7 
Airshrinkage, percent. «.cwce oes eee nth 9.6 6.2] 12.4 2 
Cone 05 { Fire-shrinkage, per cent... .] 5.6 | 5 5 4* 6 
Absorption, per cent. . .. iawtel) POA SAM cons - 44 
Coneuna Fire-shrinkage, per cent....| 6.3 |...... 10 4* 3 
\ Absorption, per cent....... OO eee 20 aera BT 
Conon s { Fire-shrinkage, per cent. ...|......|...... USE 7 ate 5.7 
» | Absorption, percent... 5. .5c|0.. al eee LOS ig eres 2.83 
Cone { Fire-shrinkage, per cent... .|...... UC | (a 9. 
> | Absorption; pericentesss, see |. eeian | Meee 8.6) eae Lee 0 
COTE OM MAO oocosoneonvoucousuc: 5 lita 5 fal 5 ee oe : 
Color after | i a : ne 
1OLO TereAiliUG Teak 0:1) 0 ae red | buff | white} red 


* Dry Pressed. 
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Puysicau Tests or Texas Crays—Continued 


xX. 2Gile SGN |) BOHN, |) 200% XV. 
Per cent water required............. ZBI |) Bote || Bk PB} 25.4 1 25.3 
IPLASUIGIUV euch tape erste crete tercere cteiene ¥en outs good | high } good | high | low | good 
Average tensile strength, lbs. per sq.in.| 155 154 | 303 | 316 77 253 
Air-s! hrinkage, PEL CON Usy sty eictete tens espe SoD ] 8 | O40] O.8 |) 2 6.2 
Cone 05 J Fire-shrinkage, per cent....| 0 5.33*| 0.3 | 0.4 |—0.3 |—4.7 
\ Absorption, per cent....... WSS) MG5489)| aM, aR} ei 5 5 ee 
Rone 1 a ire-shrinkage, TO Miso 6 =|) to@ | eB O81) Oo i o il 
oy Absorption, per cent.......| 13.13] 5.77| 9.39] 4.43] 9.45] 23.49 
Bone EF ire-shrinkage, ONC beso alle  lecooes Qua tears arte OS7e linet 
Absorption, per cent....... 1AROS|Saeeee EPDM sos conll Debs) BOE 
Cone 9 Fire-shrinkage, PET CENE Ces eo | sete eter sree | ae ree DESY As ek Beavs 
) Absorption, per cent....... Gesoleneirne leech eee SoO8le onacs 
Conerol Miso Geis coe ee eee 30 5 9 5 12 7 
Colorsatter DUIMIN Gy. mere ce cle & ae: bu red red red | red | cream 
* Dry pressed. 
Locauities oF PrecepInG ANALYSES 
No. Location. Age. Use. 
I) fhurber; Wrath County. ~ 7-2... ... Coal-measures. .. .| Paving-brick 
Il. | Top clay over lower coal, Minera, 
WiebbiCountycecernc se ete rien Cretaceous. ...... Unworked 
III. | Leaky, Edwards County........... 8 ME SP ingst at 
Vee Dallas Dallas Countya. seas sere Eagle-Ford-Creta- 
CHOUS co Gasca: Brick 
Ve Ferris, ei County eee eer Taylor marls. .... ee 
VI.| S. E. of Lena, Fayette County. ..... TNSHG ERAT, 5 d056.0 8 6 Unworked 
VII. | Vogel mine, Rockdale, Milan County.| Lignitic-Tertiary | Brick 
VIII. | Saspamco, Bexar County Sai SOE: he ee Sewer-pipe 
IX. | Athens, Henderson Coumitiyare ere Be fe Fire-brick 
X.| New Boston, Bowie County. ....... ANGntha? Gomeesoe Pressed brick 
XI.} Alazan Creek, San Antonio, Bexar 
County mentor tcmhicroate ee eel Pleistocene... ... Slip-clay 
XII. | Beaumont, Jefferson County. ...... ed ana ae Pressed brick 
KOM a louston Harris Countyee ase: Ai Y Pab ost Si yp 
XIV.| Colmesneil, Tyler County.......... TD eee ore Wre Common brick 
XY. || Euwstamal, Wie) COW iG coc adou. vi ter- 
race-clay...... Common brick 


Nos. VII and XV, 8. H. Worrell. analyst; the rest analyzed by O. H. Palm. 


REFERENCES ON TEXAS CLAYS 


1. Deussen, A., Notes on Some Clays from Texas, U.S. Geol. Surv., Bull. 470, p. 302, 
1911. 

2. Drake, N. F., and Thompson, R. A., The Colorado Coal Field of Texas, Tex. 
Geol. Surv., 4th Ann. Rept., p. 357, 1893. 

3. Kruson, J. H., Refractory Clays of Texas, Jour. Amer. Ceram. Soc., Vol. I, p. 446, 
1918. 

4. Mayer, A., Notes on Texas Kaolin, Trans. Amer. Ceram. Soc., Vol. X, p. 91, 1908. 

. Ries, H., The Clays of Texas, Univ. of Tex., Bull. 102, 1908; also Trans. Amer. 

Inst. Min. Engrs., Vol. XX XVII, p. 520, 1907. 


Or 
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6. Taff, J. A., The Cretaceous Area North of the Colorado River, Tex. Geol. Surv., 
4th Ann. Rept., p. 241, 1893. 


See also scattered references in the first to fourth annual reports of 
Texas Geological Survey, especially under county descriptions. 


UTAH 


Deposits of lake clay are common in many of the valleys, but do 
not as a rule make good brick. The upper few feet are leached of their 
lime and give a red brick, while the lower clay is commonly calcareous 
and makes a yellow product. 

Most of the high-grade clays are found in the hills and mountains, 
especially in the Oquirrh and Lake ranges surrounding the Cedar Valley 
desert. They are mostly of Carboniferous age. Some deform at cone 
33 and 34, and one deposit is white-burning. 

A good red-burning, vitrifying clay is located in Owen Canyon, 
Summit County, and makes an excellent sewer-pipe, while good brick 
shales are found in Emigration Canyon, 6 miles from Salt Lake City. 
Fire-brick, assayer’s crucibles and face-brick are made at Salt Lake City. 


REFERENCE ON UTAH CLAYS 
1. Greaves-Walker, A. F., The Commercial Clays of Utah, Trans. Amer. Ceram. 
Soc., XIII, p. 277, 1911. 
VIRGINIA 


The State of Virginia can be divided into three provinces: the 
Coastal Plain, Piedmont, and Mountain, the latter including the 
Shenandoah Valley. 

In the first of these sedimentary clays predominate, in the second 
residual ones, while in the third residual clays and shales are most 
prominent. 

RESIDUAL CLAYS 

Piedmont province.—The crystalline rocks, consisting of granite, 
gneiss and schist, extend across the State from north to south in a belt 
of increasing width, whose western boundary follows approximately a 
line drawn from Harper’s Ferry southwestward, passing a few miles 
east of lront Royal. The eastern edge coincides approximately with 
the ‘“‘ Fall line.” There are also several belts of Triassic shales, sand- 
stones and conglomerate. 

Residual clays, derived especially from the crystalline rocks, are 
widespread, and with the exception of those noted below are all fer- 
ruginous and red-burning. In most cases they make a fair quality of 
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common brick, but occasionally the material may be sufficiently smooth 
to be used for other purposes, as at Pamplin, Appomattox County, 
where it has been employed for making smoking pipes. 

Kaolin derived from the weathering of pegmatite occurs at a few 
localities, especially in Pittsylvania County, but the deposits are not 
as a rule large, and yield a relatively small amount of washed product. 
A deposit near Roseland, Nelson County, formed from syenite pegma- 
tite was formerly worked, and so was a second one in Henry County. 

Mountain province.—Residual clays derived from both limestones 
and shales, especially the former, are widely distributed in the Shenan- 
doah Valley, but they are little used. With the few exceptions noted 
below they are all red-burning. Both common brick and drain-tile can 
be made from them. 

Along the western base of the Blue Ridge there occur some isolated 
pockets of white residual clay, which are associated with the brown iron 
ores. One of these has been worked near Buena Vista, Rockbridge 
County, for fire-brick manufacture. 

Another, and relatively large one, derived from Cambrian shale, 
underlies the slope of the Blue Ridge southeast of Cold Spring, Augusta 
County. ‘This material does not fire white, but is sufficiently so in its 
raw condition to be used as a filler for paper, etc. 


PaLEozoIc SHALES 


No Paleozoic shales of value are found in the Coastal Plain or Pied- 
mont provinces. In the mountain province shales ranging from Cam- 
brian to Carboniferous in age occur in considerable abundance, but few 
of them will grind up to a plastic mass, when fresh. A slight amourt of 
weathering in some cases renders them useful. 

Among those which may be mentioned are: Slghtly weathered 
Cambrian shale, used for bricks at New Glasgow; Devonian shales 
employed for bricks and hollow blocks at Rose Hill, Lee County, and 
Richlands, Tazewell County; and slightly weathered calcareous shales 
made into bricks at Tip Top, Tazewell County. Unworked deposits 
of promising character are found at Weldon, Pulaski County; North 
Mountain, Augusta County; Moccasin Gap, Scott County, ete. 


TRIASSIC 


The formations of this age are found only in the Piedmont province, 
and in their unweathered condition rarely appear to be of value, except 
those found near Wolf’s Trap. 
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TERTIARY 


The Tertiary beds with one exception occur in the Coastal Plain area. 

They consist of a series of clays, sands, marls, sandstones, green- 
sands, and diatomaceous earth which dip gently southeast. 

The clay deposits, which are mostly of Miocene age and usually of 
lenticular character, are most abundant towards the northwestern border 
of the Coastal Plain, and have been noted near Richmond, Bermuda 
Hundred, Curles Neck, ete. They are red-burning. 

Some promising Eocene clays are known between Fredericksburg 
and Stafford Court House. 

The diatornaceous earth forms an extended series of deposits along 
the Rappahannock River and around Richmond, but has been worked at 
only one locality, namely Wilment, where it is used for making a porous 
brick. 

What is apparently a Tertiary flood-plain deposit is found on the 
high ground near Radford. It is buff-burning, but is not worked. 


PuysicaL TESTs oF VIRGINIA CLAYS AND SHALES 


Water plasticity, per cent..--2.-..5--. alg 25 22 31 33 Si 
Linear air shrinkage, per cent......... 3 4.8 3.8 4 5.4 | 6.4 
Tensile strength, pounds per square 
LCL orcs, Sees picnic once eee 36 80 40 40 60 ffl 
ConnOi0r Linear fire shrinkage, per cent 0 0 0 0 Zee 
- \ Absorption, per cent....... 13809 |b dee 2527 We2os (alee U 
Gone 06 Linear fire shrinkage, percent | 2.6 We 120 Soa) vi (0) 
Absorption, per cent....... ONO LON? a) lon 4s eS aes O mime ey 
Cenar os Linear fire shrinkage, percent} 4.0 |......|......]...... Zot Wen.02 0 
Absorption, per cent....... Ge3i | ae a| eee eee LON Sa) Lost 
pera Linear fireshrinkage, percent | 4.5 5.0 2.6 9.0 3.500) 4.4 
Absorption, per cent....... 4.6 0.4 9.1 Sei MN ARS eS alee 
Cones Linear fire shrinkage, percent | Vis- '5)40) 3.6 33: (Oellenctieneas | Cees 
Absorption, per cent....... cous m0) 4.5 TL Sai, aaenetes| eae 
Cones Linear fire shrinkage, percent]...... 4.3 ASS 5 eG ee ae 
Absorption, per cent.......|..-... 2 Og pnosall a eee 


Color fired 


I, Mississippian shale, Weldon, Pulaski County. 
II. Devonian shale, Richlands, Tazewell County. 
III. Devonian shale, Moccasin Gap, Scott County. 
IV. Slightly weathered shale, Tip Top, Tazewell County. 
V. Residual clay from granite, Crozet. : 
VI. Residual clay from schist, Warrenton. 
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PLEISTOCENE 


Pleistocene clays occur at a number of points, but the deposits are 
with few exceptions of relatively shallow character and red-burning. 
They have been worked around Richmond for common brick and tile, 
as well as at Norfolk, Suffolk, Petersburg, and several points along the 
James River. 

Around Alexandria the loams have been worked on a large scale for 
common and pressed brick, which supply the Washington market, 


RECENT 


Flood plain clays occur along some of the rivers and are occasionally 
worked for brick and tile. 


REFERENCES ON VIRGINIA CLAYS 


1. Ries, H., Clays of the Virginia Coastal Plain, Va. Geol. Sury., Bull. 2, 1906. 

2. Ries, H., Bayley, W. S., and others, High-grade Clays of the Eastern United 
States, U. 8. Geol. Surv., Bull. 708, p. 18 and 99-104, 1921. 

3. Ries, H., and Somers, R. E., The Clays of the Piedmont Province, Va., Va. Geol. 
Sury., Bull. 13, 1917. 

4. Ries, H., and Somers, R. E., The Clays and Shales of Virginia West of the Blue 
Ridge, Va. Geol. Sury., Bull. 20, 1920. 


WASHINGTON 1 


Clay-bearing formations.—The clay-bearing formation of Washing- 
ton include: 1. Tertiary; 2. Pleistocene, (a) Glacial lake clays, and 
(b) others, mostly alluvial; 3. Residual clays from: (a) basalt, and (6) 
granite and pegmatites. 

The important deposits of Tertiary shales and Glacial clays are in 
the western part of the State, especially around Puget Sound. In the 
eastern part of the State besides the residual clays there are only small 
deposits of alluvial and lake clays. 


RESIDUAL CLAYS 


Residual clays from basalt are found in the basalt region of south- 
eastern Washington. They are high in iron, red-burning, and of rather 
uniform quality. Common brick, and in some cases, drain-tile have 
been made from them. 


1 Prof. Hewitt Wilson has supplied much of the material on Washington. 
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In the “‘ Inland Empire ”’ region of eastern Washington and extending 
over into Idaho are important deposits of white residual clay formed by 
the weathering of granite. This type of material has been worked at 
Freeman, and mixed with a more plastic clay and made into fire-brick 
at Clayton. Tests have indicated that the material when washed is 
also suitable for the manufacture of whiteware. 


TERTIARY 


There are important shale deposits of Eocene age in the southwestern 
part of the State and also some beds of fire-clay. 

The Puget and Roslyn coal-bearing series contain shales that are 
well known and widely used. At Renton near Seattle light-gray shales 
of the Puget formation are being worked for face brick, common brick, 
and vitrified paving-brick. The same shale is also employed in sewer- 
pipe and architectural terra-cotta. Its thickness is not less than 150 
feet. 

At Kummer, 30 miles southeast of Seattle, there is a bed of highly 
carbonaceous flint fire-clay, which is interbedded with steeply dipping 
sandstone, shale and coal of the Kummer series. Its average cone of 
fusion is 32. The lightly calcined Kummer flint-clay is being used as 
70 per cent of the Renton fire-brick mixture with 30 per cent of the 
Sumas plastic clay as a binder. With fine grinding in the wet pan the 
Kummer clay develops fairly good plasticity and tensile strength but 
without such treatment it is non-plastic. 

The Sumas fire-clay which occurs interbedded with sandstone and 
conglomerate near Sumas, is not highly plastic, but sufficient strength 
is developed by grinding so that it can be used as a binder for the 
Kummer flint-clay. 


PLEISTOCENE 


Glacial lake clays of irregular occurrence are found associated with 
gravel and till. They are widely distributed throughout the western 
part of the State in the Puget Sound region, and there has been an 
extensive development of them in the western part of King County. 
The unweathered clay is blue and stratified, while near the surface the 
clay is weathered yellow and shows no stratification. These clays are 
used for common brick, hollow block, fireproofing, and drain-tile, but 
are not adapted to the making of vitrified products. 

Alluvial, lacustrine, and estuarine deposits occur in the southwestern 
part of the State. They vary considerably in their properties, and are 
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either red- or buff-burning. A few plants have used them for a good 
grade of structural products. 

Silts and silty clays occur as terrace deposits in narrow valleys in 
the northeastern part of the State, and may be too silty to have much 
plasticity. A brown clay from Stevens County has been used as a slip 
for glazing stoneware. 

Along the Columbia River in central and southern Washington there 
is found an alluvial silty clay often containing volcanic ash. It is red- 
to brown-burning, and is used for common brick. 


Usrts oF WASHINGTON CLAYS 


The alluvial clays in the northeastern part of the State, near Clayton, 
are used for paving-brick, sidewalk brick, and terra-cotta. North of 
Clayton stratified clay is worked for pottery. The glacial clays near 
Seattle are used extensively for common building-brick, hollow brick, 
sewer-pipe, and drain-tile. Alluvial clays along the Baker River in 
Skagit County are employed for Portland cement. The Tertiary shales 
near Seattle, and at some other localities are utilized for paving-brick, 
building-brick, terra-cotta, sewer-pipe, etc. The Kummer and Sumas 
clays, and the white residual clays are made into fire-brick. 

The following tables give the analyses and physical tests of several 
Washington clays: 


PuysicaLt Tests or TyprcaL Cuays or WASHINGTON 


I II Il IV V VI Vil 


Water plasticity, per cent, dry 


Dasis! ok oe tee eee ae MESO || oMbatay |) PARA 1 Seek Perales || xa) 
Linear dry shrinkage, per cent, 
Glailensishs cralos clog naa a Hen oe 8.6 | 8.3 ya) [Pil E ts} |) (aS ut ell Das 
Dry transverse strength, pounds 
Se SEEN MM coos c cao aaan.|| 288) 240 255 799 560 704 664 
Tener late cucO] Okie White} Buff | Buff- | Buff | Buff | Red | Red 
Brown 
Cone deformation.............| 34 | Be 28 | 30-31 | 23-26] 6-7 5 
| | 
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Fired Properties, per cent. 


Cone 08.... 


2.3/24.1).. || O45. 7) OPS. on cle oe off OCG.) @.ONe.” 

Cone 04... .] 6.8]/12.0). .| 0.6/16.6) 2.3)16.5) 1.7/19.6] 2.1/74.5] 3.3]10.0 

Conemees| Sacil Oro ee | 2. UU5 1) 6.4)10-2) 1-9/7 22) 8.3) 2.0) 8.7) 0.0 

Conor...) 8.0) 9.8) 5. 0)24.1) 2.0)14.'7111,.3! 8.0) 2.2)15 27)... 70] OW 
Cone 9....| 9.0) 8.7] 7.1/16.2) 2.0/14.7/13.3] 3.3] 4.8]/10.3 
Cone 15... ./10.1) 6.0} 8.8/14.6] 3.5) 6.5/16.7| 3.2) 6.0] 8:9 
| 


§. Stands for linear fired shrinkage based on the dry length. 

A. Is the per cent absorption at the different cones. 

I. Kaolin fire-clay from the American Fire Brick Company, Mica, Wn. This sample is the 
washed or purified material from which the sand and mica have been removed. Possibili- 
ties for whiteware and paper. Without washing it is now used for refractories. 

Il. Kummer flint fire-clay from the Denny Renton Clay and Coal Company’s Kummer mine. 
This sample has been wet-panned to increase the plasticity. Used for refractory purposes. 

Til. Fire clay from the Denny Renton Clay and Coal Company’s Sumas mine. Used for general 
work. 

IV. Clayton plastic fire-clay from the Clayton plant of the Washington Brick Lime and Sewer 
Pipe Company. It is used as a bond in fire brick, or is suitable for terra cotta, stoneware 
and other buff burning purposes. 

VY. Terra cotta body of the Gladding McBean and Company, Auburn, Wn. The clays were 
were mined at Green River. 

VI. Paving Brick Shale from the Renton plant of the Denny Renton Clay and Coal Company. 

VII. Glacial clay from the Builder’s Brick Company, Seattle. This material is used for common, 
and face brick and hollow tile. 
All the above tests and analyses from Bull. 18, Eng. Exp. Sta. University of Washington, 
Seattle. 
ANALYSES OF WASHINGTON Cuays 


[en ae ne Ll eee | 
| I II II Iv Vv 
Si0.......| 62.56 | 65.66| 40.37] 62.11 | 46.13 
howe 23.96 | 21.98 | 38.57 | 17.59 | 37.36 
Te.0,,.) 4.701) 1.92'| 3.49) 4.77) 2,20 
eR ieines Viel ere ee aes 0.67] 1.53| 0.65 
MgO Tr. 0.90| 0.451 2.26| 0.64 
Mas. 0.08} 1.65 
K Occ fps = ee eO ie Goa iene 730 
TiO Me ete ee eee 0.51 
ieee E0192 Ie Tabs le 1156 1ume (earl iead 
Totton =) |) 6.810) & 6 cours 30 Narn 608) i2720 
Total...| 100.10 | 99.60 | 100.65 | 99.95 | 100.52 


I. Light yellow lake clay, Stevens Co. Repressed brick. 
II. Yellow clay, 6 miles north of Clayton, used for pottery. 
Ill. Tertiary flint fire-clay, Kummer, King Co. 
IV. Tertiary paving brick shale, Renton, King Co. 
V. Stoneware clay, Palouse, Whitman Co. 
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REFERENCES ON WASHINGTON CLAYS 


1. Landes, H., Clay Deposits of Washington, U. S. Geol. Surv., Bull. 260, p. 550, 
1905. 

2. Landes, H., Wash. Geol. Surv., Ann. Rept., Vol. I, p. 172, 1902. 

3. Shedd, S., Clays and Clay Industry of Washington, State College of Washington, 
1910. 

4, Wilson, H., The Clays and Shales of Washington Their Technology and Uses, 
Bull. Univ. Wash., Eng. Dept., Exper. Sta., No. 18. 

5. Wilson, H., New Kaolin Deposits in the State of Washington, Clayworker, Vol. 
78, p. 122, 1922, 


WEST VIRGINIA 1 


With the exceptions of a few Pleistocene deposits, the clay-bearing 
formations of West Virginia are all of Paleozoic age. 


SILURIAN 


The residual clays derived from the Shenandoah limestone are 
found over large areas in Berkeley, Jefferson, and parts of Hardy, Hamp- 
shire, and Pendleton counties; they have been worked at Charlestown 
and Shepherdstown for red brick. 

The shales of this age, known as the Martinsburg shale from their 
type occurrence at the town of that name, are hard and slaty when 
fresh, but weather down to a clayey mass which ean be used for red-brick 
manufacture. 

Red shales of Medina age and brown and gray Clinton shales outcrop 
in belts along the mountain-slopes of Mineral, Grant, Hardy, and Pendle- 
ton counties, but are not favorably located for working, 


DEVONIAN 


The Devonian formations, according to Grimsley, consist of sand- 
stones and shales, being found in Mineral, Grant, Hardy, Pendleton, 
Preston, Tucker, Randolph, Pocahontas, Greenbrier, and Monroe coun- 
ties. They are grouped under the Hamilton, Chemung, and Catskill 
formations. Many of them are adapted to brick manufacture, but they 
are worked only at Elkins, Randolph County, 


Lower (¢ ‘ARBONIFEROUS 


The Mauch Chunk shales, consisting of red and grayish-blue shales, 
green sandstones, and a few thin limestones, form a belt extending 


*Grimsley, G. P., W. Va. Geol. Surv., III, 1906. 
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ncross the State from Preston County, through Tucker, Randolph, 
Pocahontas, Greenbrier, Monroe, and Summers counties. 

The red shales and their residual clays form an excellent material 
for making red-pressed brick, the deposits moreover being well located, 
but up to the present, time they have not been utilized. 


CARBONIFEROUS 


Pottsville series —This contains clays, shales, sandstones, conglomer- 
ates, and coal-beds, but the only clay thus far worked is that occurring 
beneath the Homewood sandstone and known as the Mount Savage 
fire-clay. This is mined at Piedmont for fire-brick manufacture, and 
consists of both plastic and flint fire-clay, the two forming a bed about 
15 feet thick. 

Allegheny series.—In this series there are found a number of impor- 
tant coal-seams with their underlying fire-clays, the two important 
groups being the Kittanning coals and clays, and the Freeport group 
of coals and clays. 

The two most valuable beds of fire-clay are the Lower Kittanning 
and the Bolivar. 

The shales in the series have also been successfully used for building- 
brick. 

Clarion clay.—The Clarion coal at the base of the Allegheny series 
is often underlain by a thick bed of fire-clay, but it is not worked in West 
Virginia. 

Kittanning Clays——The Lower Kittanning coal is very persistent 
through Ohio and Pennsylvania, but in West Virginia it 1s absent entirely 
as a workable bed in many regions of the State, and its place taken by 
the fire-clay. 

The Lower Kittanning clay under the coal of that name is 5 to 15 
feet at Hammond where it is worked. 

Between the Upper and Lower Kittanning coals is an interval of 
sandstone, which at New Cumberland and Hammond carries the Middle 
Kittanning coal and its underlying fire-clay. 

At New Cumberland, which is the largest brick-manufacturing center 
in the State, the Lower and Middle Kittanning clays are employed for 
the manufacture of building-brick and paving-blocks, and the Lower 
Kittanning clays for sewer-pipe. The shales between these two were 
formerly burned into common brick. 

The following section at the Globe Works, given by Grimsley, is 
stated by him to be fairly typical of this region: 
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Feet. Inches. 
Sandstonene sieeiicctserstetelsisle ole) etelielscelenete ee aoee 40 
Calin ser ate io cece nuove totes cieiceeee ol oheuss tetebe cere ecenE 2 6 
Pilimnt-clayeye ae ae crew clove te este eretedeteney nie ae 6 
Gray shale-clay. ........-.---2+20e0ereress 4 
iBlueyshale-claygespiee eter teteketnet tierra 12 
SandstonertlOOLere cate erties terete eter 4 
Hine laminated shaless oscil ele fle teeter 40 
Coal (Lower Kittanning).<.-...----2.:..-- 3 
Clay (Lower Kittanning)... ...........--- 10 


The bottom clay is used for sewer-pipe, while the flint-clay and blue 
and gray shales are mixed together for brick and paving-blocks. 

Upper Freeport clay—There are some good outcrops of this clay 
on Decker’s Creek above Morgantown near Dellslow, with good rail- 
road connection, and could be easily developed. 

Conemaugh series.—This series consists chiefly of sandstones and 
limestones, but contains scattered shale-deposits and some fire-clay. 
Overlying the Upper Freeport coal, or at times separated from it by the 
dark fossiliferous Uffington shales, are the Lower and Upper Mahoning 
sandstones. They are seen from Upshur southwest into Mingo, western 
Wyoming, and Raleigh counties. Between the two there is often found 
the Mahoning coal, which is worked near New Cumberland, while under 
the coal, and sometimes replacing it, there is a good bed of fire-clay 
found in a few regions and mined at Thornton, where it shows 18 feet 
of flint and soft clay. Near Ceredo, Wayne County, the clay is present 
without the coal. 

At many points a shale-bed occurs between the two sandstones. 
Those worked around Charlestown may belong in part to this horizon, 
although some of the beds have been doubtfully referred to the Kanawha 
series of Virginia. 

Overlying the Mahoning sandstone is the Cambridge limestone 
followed by the Ames limestone, and between these two is a mass of 
Pittsburg red shales, 30 to 100 feet thick, which extend from the Penn- 
sylvania line southward to the Big Sandy River. These shales, which 
will undoubtedly prove of economic value, have been used at Hunt- 
ington for roofing-tile manufacture. They also occur at Barlow, Charles- 
town, ete. 

In Preston County near Reedsville, Masontown, and Kingwood, as 
well as near Collier and Wellsburg in Brooke County, the shales are 
partly replaced by the Saltzburg sandstone. Overlying the Ames lime- 
stone is the Birmingham shale. 

A very complete section of the Conemaugh series is exposed at 
Morgantown, Monongalia County, but the only shales worked are the 
Pittsburg ones. They make a building- and paving-brick. 
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Fic. 166.—Red-burning brick-clay bank at Freeman, Wash. (Photo loaned by 
Washington Brick, Lime, and M’f’g Co.) 


Fic. 167.—Shale-bed of Mahoning horizon, Charleston, W. Va. The shale is blue 
and red with some fire-clay mixed through it. (After Grimsley, W. Va. Geol. 
Survy., III, 1906.) 
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Monongahela series.—A series of coals, limestones, sandstones, and 
shales are included in this group, the general section being well exposed 
in Pinnickinnick Hill at Clarksburg. The Pittsburg coal at the base 
of the Monongahela is an important and well-recognized horizon. At 
Clarksburg the shales underlying and overlying this coal-seam are 
worked for building- and paving-brick. 

The shales worked near Spilman for paving-blocks and building- 
brick lie near the top of the Monongahela series, and those at Mounds- 
ville are also near this horizon. 

Dunkard or Permo-carboniferous.—The rocks of this age cover a belt 
40 to 60 miles wide, bordering the Ohio River. They include a number 
of utilizable shales, and at present they are being worked at Parkers- 
burg, Wood County, for making roofing-tile. 


ANALYSES OF West VIRGINIA CLAYS 


Ee J Oe Iii. TRAN Vv. Vie 

Silica: (ClO eae okt eer 54.35 | 57.75 | 58.78 | 56.3 | 61.44 | 52.24 
Alumina (ALO. cre noe 21.49 | 20.17 | 22.57 | 19.07 | 26.18 | 29.28 
Ferric oxide (Fe.O3).........-- 8 7.00 4.13 9.58 0.30 Zane 
iReyaRos Oparelss (NSO), caosaocas|leoocenc 0.33 1-40 i eee: 0.36] 0.51 
Eime(C2@) te eee 0.30] 0.22] 0.18 | 0.69] 0.12] 0.68 
IMaomesiann (Nip) ccusrerctteteretetter 0.79 1.22) = 1200 2 Ol eseemeeee 0.2 
Sodar(NiasO) Sareea ctts cers rae trace 0.62 O54 alec 0202719 0237 
Potash (K,0)0 eae eee 6.25 |" 2-505)\ 2. iota ee 2.11 
Titanic oxide (TiO.). . coeel 0.86 1" 0.871 1.03 1-0. viele tesa nme 
Moisture eae ithe ne ite caeterensrers 1.62 QS Obs ae Of 1.28 
Phosphoric acid (P.O, of reaver attests OF 098 O2098) MeO ou leer OrO1s OL 7G 
Sulphur trioxide (SOs) Gate Werte trace: |? sels. ce a hace oe eee ae 
Ipnition eee oe tn 5.70 | 5.94| 5.431 8.01 | 9.07] 10.12" 

Total soe 99.55 | 99.55 | 99.61 | 96.37 | 99.66 |100.79 
5 

VII VIII TEXS x XI XII. 

Silican(siOs sere kee eee 57.58 | 59.76 | 57.52 | 57.89 | 66 56.19 
Alumina (ALO, oe eee 21.41 | 22.79 | 21.76 34 50 2183 3631 
Ferric oxide (Fe:Og)..........- rate |) AOE) | Syst 5.62 | 0.37 2.82 
Ferrous oxide (FeO). ......... 3.45 SoS sail 1.26 1.00 0.96 
Lime (CaO) eee Ceern 0.46 | 0.59] 0.60] 0.61) 0.33] 0.39 
Magnesia (MgO)..........---. 1.44 |\-1,93,) 0-884 85) D6 y eds 
Socat(Na0) ee. te: vet nee 0.1:| 0.42] 0.03] 0.29] 0.08) 0.50 
Pots KO se eee hee 3.14| 3.79 | 3.57} 3.281 0.48] 3.90 
Titanic oxide (TiO,).......... 0.84. 0.82 |* 0.83 |) 0.724 <1-diameoles 
Moisture: eer aat a meee 0.38 | 0.54] 0.86] 1.27] 0.99] 1.39 
Phosphoric acid (P.0,)......-. 0:11 | 0.46 }-°0.14 | 0 OT Weed eee 
Sulphur lHinkop-a torent OMS G5 cerorlls Guvoc didlls orcs allt a oe ; Pot 
Tonitions ote ae eee 7.25 | B\26.| 7.97) GIR fore ilar eee 

Potal einen eee 99.91 | 99.79 |100.57 |100.47 |100.11 1100.01 


— S ( 


a ’ Y, 
* Por references see foot of table following. 
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ANALYSES OF West VrrGINnIiA CLrays—Continued 


XIII. XIV. XV. XVI. XVIL 
Sulbest (SHOR S Slocu.ctis come ae atta cen te 55.63 | 58.28 | 50.80 | 68.42 | 63.88 
palumina, CALOs)i., acer asmiceimimarias: DOS (One 2le 26 Lona. eLGe ss ele liaals 
Herricioxide (Me,O3)s. 5. ..n%6 cacice es. 3.94} 1.87 Sasori Oon | on (2 
Herrouwsioxides(Re@) 58 exe: acm geen sek 4.17 3.37 1.9 1.89 0.50 
Mpmnien (CaO: perenne cen coced o's re Scueeencoete cs. ¢ 0.86 0.78 il toll 0.94 0.16 
Miaonesian (MeO) Siacenceem.n at eneres 170 OD 1.74 1.8 1.3 
Ro Clava NO) ae Ae hecihe clears cue ctrrsines 0.34 | 0.39 0.89 | 0.63 0.6 
TPOUENSI SPR GSH ON See rapnce Ccloia cane cratic: 2.97 2.80 2.24 0.93 2.29 
Phitaniciosider(lOa)e.. emeie rn. emcee 0.98 | 0.86 0.68 | 0.88 | 0.87 
BVLGIS CUTE! mec iein Se crens tere omen cairsie: tucks Ww 1203 1.30 Dae Wigbesiese ila, 
Phosphoric acid (P5O;)....0..50sc+6.- D8 || Week) |) We 0.08 | 0.36 
pulphur trioxide (SOs)... ...2..00655.: WEE O US sco al ve wonealle cedc.c ol lnc Boles 6 
Mommitlon cevatosesshorsetes cat ees sephora t tee 6.98 acs |) ULB ye 4.58 5.60 
TE RE el. SR eg nee 99.59 | 99.56 [100.23 | 99.58 |100.22 
PuysicaL Tasrs or West Virainra CLays 
I Il IWS Vie VI. VII. VIIl. 
Water required, per cent......]...... 28 25 Deal 28 24 26 
Tensile strength, lbs. per sq. in..|...... 122 34 32 58 40 46 
Air-shrinkage, per cent........|...... 4 Be Hl. 4 4 4 
Cone of incipient vitrification. ..}...... ON as ches ol eee ene, 2 1 1 
Gone of vitrification..........- 5 5 US ee eee 26 5 5 
Comevorh VaASCOSItYs sc cease eclectic sce « 5+ | 380+ 28 
Fire-shrinkage, per cent. ......|...... 11 LOS teat 2 6 6 
Color when burned........... medy dls rensot red | buff | buff | brown! brown 
IX, xe eal XII 2QUNL. | OVE |) WAU 
Water required, per cent... ... 26 27 20 24 22 25 32 
“eee ee Nepeen ern: f|75to | 89to}) 
Tensile strength, lbs. persq.in. | 40 36 1} 90 | 100 Tf 109 | 78 | 140 
Air-shrinkage, per cent........ 3.5) 4 4 4 4.5) 4.5 6 
Cone of incipient vitrification. . . 1 a pecaras & ty Oe cee A 1 1 
Cone of vitrification.......... 5 5 30 5 1 5 5 
WonexOMaVISCOL Vaya s cieccere sielevena la cheba eaclliciste alo ollte es welll hres 5 
Fire-shrinkage, per cent. ...... 10 8 0 6 2 oh Le 
Color when burned. ...2.....: red red | buff | red red red red 


I. Residual limestone clay, Charlestown, Silurian, 


. Flint-clay 
. Plastic clay { 
. Shale, Morgantown, Pittsburg red shale. 

. Blue shale, Huntington, Conemaugh series. p 

. Mixture of Spilman shales, Spilman, Conemaugh series, 
. Parkersburg, Dunkard shale. 

. River-clay, Parkersburg, Pleistocene. 


. Residual shale-clay, Martinsburg, Silurian, 


Shale, Elkins, Randolph County, Hamilton. 


. Shale, Decker’s Creek near Morgantown, Mauch Chunk, 


Fire-clay, Piedmont, Mount Savage clay. 


. Flint-clay 
. Gray shale 
. Blue shale 


Clifton Mine, New Cumberland, Middle Kittanning. 


Clay 


| Altna mine, New Cumberland, Lower Kittanning. 
Shale 


Thornton, in Conemaugh series, Mahoning coal horizon, 


. I-XVII selected by Dr. Grimsley as representative ones, from Vol. III, W. Va. Geol. 
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PLEISTOCENE 


A number of brick plants in the State obtain their raw material 
from deposits near creeks or rivers. These clays underlie terraces 
and oceur either near the present river-level or a number of feet above 
it. The former are flood-plain deposits built up by the rivers in recent 
times, while the latter represent the remnants of lake-beds formed when 
the valleys were dammed by ice, thus giving rise to the formation of 
temporary lakes. The clays of the Monongahela, Teays, and adjacent 
valleys are of the second type. 


REFERENCES ON WEST VIRGINIA CLAYS 


1. Grimsley, G. P., The Clays of West Virginia, W. Va. Geol. Surv., Til, 1906. 
2. White, I. C., Clays of West Virginia, The Ceramist, VII, p. 254, 1926. 


WISCONSIN 


In this State the clay-deposits belong to formations representing 
somewhat the two extremes of the geological column. Those belonging 
to the older formations are nearly all of residual character, while those 
belonging to the sedimentary deposits are of very recent geologic age. 
It seems best, therefore, to divide them into two groups, namely, the 
residual clays and the sedimentary clays. 


RESIDUAL CLAYS 


These have been derived from a variety of rocks, including granites 
and gneisses, greenstones and allied voleanic rocks, limestone and 
dolomite, sandstone and shale. 

Pre-Cambrian residuals—These occur at a number of points in 
the central part of the State, in Eau Claire, Jackson, Wood, Portage, 
Marathon, and Clark counties. They are usually gritty clays which 
have been formed by the decomposition of schists or gneisses, and vary 
in depth from perhaps 2 to 3 feet to as much as 40. Although some- 
times reaching nearly to the surface, they are at other times covered 
by a bed of Potsdam sandstone which has apparently protected them 
from erosion. Deposits of this occur in the vicinity of Grand Rapids, 
Kau Claire, Black River Falls, Stevens Point, Abbotsford, ete. They 
are nearly all red-burning, and while refractory ones low in iron are 
known to occur, the deposits of them so far as found are rather small. 
Their main use is for the manufacture of common brick, but at Haleyon 
near Black River Falls the material has been found adapted to the 
manufacture of dry-press brick and even paving-brick. 
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Potsdam shales.—In a few localities there occurs at the base of the 
Potsdam a tough plastic clay which has been derived by the weathering 
of a siliceous shale. This material has been exposed near Merrillan, 


Estuarine and glacial clays, 


T Loess Residual and stceam clays 
im mostly red burning. 

]] Glacial and stream clays 

mostly red burning. 


Residual clays red burning. 


Lacustrine and glacial clays. \{| | 


Cincinnati Shales mostly cream burning, 


9 Racine <a) 


ha 


s< 


‘tg. 168.—Map of Wisconsin, showing distribution of clay-bearing formations. 


(Adapted from Buckley, Wis. Geol. and Nat. Hist. Surv., Bull. VII, 1901.) 


Durand, and other points, but has not been utilized to any extent for 
he manufacture of clay-products. 

Ordovician limestone residuals.—Within the driftless area of Wis- 
onsin the cherty galena limestone is found weathered in its upper 
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Fira. 169.—Pit of estuarine clay, Fort Atkinson, Wis. The flat area is underlain 
by clay, while the surrounding low hills are of sand. (Photo by H. Ries.) 


Fig. 170.—Pleistocene brick-clay, Milwaukee, Wis. The mound in middle of pit is 
sand and is left standing. (Photo by H. Ries.) 
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portion to sandy residual clay containing many flint fragments scattered 
through it. Up to the present time it has not been used for the manu- 
facture of common brick to which it is chiefly adapted, nor is there 
any likelihood of its ever becoming of any importance. 


SEDIMENTARY CLAYS 


Hudson River shale.—This shale forms a narrow belt in the eastern 
part of Wisconsin which extends from the southern boundary of the 
State up to Green Bay. In this State it is not very well adapted to the 
manufacture of brick, but on weathering breaks down rather easily to a 
yellow clay which has very fair plasticity and is usually red-burning. 
The material has been worked at Stockbridge, Calumet County, and at 
Oakfield, Fond du Lac County, for the manufacture of brick. At the 
former locality a mixture of the weathered shale and the partly weathered 
material is used with excellent results. A second area of these shales is 
known to occur in Lafayette County, to the east and southeast of Platte- 
ville, where the material is to be found around the base of the Mound 
Hills so prominent in that region. It weathers to a yellow clay of high 
plasticity and one which burns to a very hard body of excellent red color. 


PLEISTOCENE CLAYS 


The Pleistocene clays of Wisconsin have been grouped by Buckley 
(Ref. 1) as follows: 1. Lacustrine deposits; 2. Stream deposits; 3. 
Estuarine deposits, and 4. Glacial clays. 

Lacustrine deposits.—These represent a very extensive type, and 
were laid down during the former inland extension of the Great Lakes, 
so that they are now often found some distance from the present lake 
shore. Thus, around Racine, they occur 18 miles inland. They are 
also found at Sheboygan, over parts of Door County, and in parts of 
Manitowoc, Calumet, and Fond du Lac counties; much of Green Lake, 
Waushara, and Waupaca counties too are underlain by them, while to 
the north they are found as far as Shawano. These lacustrine deposits, 
adjoining Lake Michigan on the east and Lake Superior on the north, are 
an important source of cream-burning brick-clays, and the beds often 
exceed 100 feet in thickness. Sometimes the upper few feet burn red, 
owing to the fact that the carbonate of lime has been leached out of 
them. Around Green Bay, Manitowoc, and Racine these clays are much 
used for the manufacture of common, pressed brick, and drain-tile, but 
they are of little value for anything else. 

Estuarine clays.—These include all the clays of eastern Wisconsin 
which are underlain by limestone and have been modified by glacial 
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action. ‘They were formed at the same time and in association with the 
lake-deposits, but differ from them usually in showing a more variable 
lime-content and burn hard and dense at a lower temperature. Thus, 
for example, the lake-clays apparently have to be burned up to cone 3, 
while the estuarine clays can be burned at cone 05 to 1. These estuarine 
deposits are found along the Fox, Wolf, Rock, Wisconsin, Eau Claire, — 
Chippewa, Black, Red, Cedar, and many other rivers in the eastern, 
northeastern, and southern parts of the State. 


ANALYSES OF WISCONSIN CLAYS 


I Il Ill. IV i 
Sites (SiObs)s cca asccacasa= 64.50 62.59 35.93 48.39 44.18 
Atuminray (AlS@3) syste 26.20 17.42 tah es 1250) 10.83 
Ferric oxide (Fe.Os3)........ 0.07 5.88 4.08 5.40 330) 
imine (CHO) accaconndoss be beune de none 12.48 10.88 14.05 
Meramnesa, (MEO), on cocccodclleocssppe= il 9.92 4.82 5.91 
Jeomsly (SO), accononceens 0.31 8.08 2.46 3.90 3.10 
Soda (NasO)tpeserierse rst leerecest rer 0.52 1.24 0.68 0.70 
ILGSS OM. WAM... oo oaccens 8.90 4.15 22.06 13.02 17.34 
iiamne AGC! (MOn)o oo5 occalanccascos 0.30 0.30 0.43 0.30 
Manganese oxide (MnOz) -..|.......-- SOs; trace 0.10 trace 
Wie Walls VIII. TX. xX. 

Silica (SiO2) Sicll stiabicethereasaeeersece™ 40.17 31.90 Heleetan 65.44 69.86 
Adnowaanrags (NGO). 5 con ooo so: 9.14 8.74 13.74 iS 75k iSmoo 
Ferric oxide (Fe,Os3)........ 3.00 3.00 3.60 5.40 5.46 
Lime (CaO) be citeiaA Ai Sees eld 14.49 17.06 oS 2.95 Oeil 
Magnesia (MgO)........... 8.34 10.638 1 aly 2.20 1.43 
IP CSO), oc ccceeccuo< 3.06 2720 23 3.44 2236 
GCE) (AERO) none sepaes so 0.34 0.82 1.20 1.54 ils 
Lossion ignition: ..... 2.0. PAL Bail 25.19 5.00 4.69 4.40 
Titanic acid (TiO.)........ 0.35 0.25 0.45 0.60 Ot 
Manganese oxide (MnO) . .. 0.09 0.19 trace trace trace 


Locatirigns oF THE ABOVE 


No. Loeality. Geological Age. Uses. 
it or | SEL ese yee nent an ee Residualieeanrt ae tree Not worked 
iL. Merrill ang eee ©. ne Potsdamer eee es oe 
Tau. Oakfield Sr ers ese esa asta ty Eudsone. ee eee Common brick 
JO, |) CHS BRN), co oo memes: PBleistocenes. seme eee Brick 
We cs hie Aen Sieh Beek MG sites ue 
Wal, || bible. 6 oo on ens (os ae eee of 
Wall, |) Weanteniowmin, 5 ....-5000-- a6 ; E PRE hes. 75) we 
VIII. | Chippewa Falls. ......... Glacial ea cee eee ne 
IDS, Menom omic siete ri eg ee Pressed brick 
MY Dittlesey.5 eae fe ae ae rohan Brick 


Nos, I-X from Wis. Geol. and Nat. Hist. Sury., Bull. 7, 1901. 


Glacial clays.—These have been deposited over a large part of the 
northern half of the State and include a series of deposits of uncertain 
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extent and variable character and thickness. In some places they con- 
sist of bowlder-clay and are therefore of a very stony character, while at 
others they may represent deposits that have been formed in temporary 
lakes during the last glacial epoch. Those worked at Athens belong to 
the former type, and those worked at Menomonie and forming the basis 
of an extensive local industry belong to the latter type. Under this 
heading we should perhaps also include the silty loess-clays which cover 
a large area in the western part of the State and are worked at Platteville, 
Menomonie, La Crosse, and other places. They represent a good char- 
acter of clay, which in many instances is used only for common brick, 
but is also adapted to the manufacture of dry-press brick. 


REFERENCES ON WISCONSIN CLAYS 


1. Buckley, E. R., The Clays and Clay Industries of Wisconsin, Wis. Geol. and 
Nat. Hist. Surv., Bull. 7, Pt. I, 1901. 

2, Chamberlin, T. C., Geol. of Wis., I, p. 669. 

3. Irving, R. D., On the Kaolins of Wisconsin, Wis. Acad. Arts and Letters, Trans., 
1876. 

{, Irving, R. D., Geol. Wis., II, p. 630. 

5. Irving, R. D., Mineral Resources of Wisconsin, Amer. Inst. Min. Eng., Trans., 
VIII, p. 478. 

}. Ries, H., The Clays of Wisconsin and their Uses, Wis. Geol. and Nat. Hist. Surv., 
Bull. 15, 1906. 

7. Sweet, H, T., Milwaukee Clay, Amer. Jour, Sci,, iti, XXIV, p. 154, 


WYOMING 


Little is known regarding Wyoming clays, owing largely to their lack 
of development. W.C. Knight says:! ‘So far as is known, the clays 
yf Wyoming that have any commercial importance occur in beds of the 
sedimentary rocks. These clay-beds are most numerous in the Jurassic 
und Cretaceous formations, but are found to some extent in the 
Tertiary.’ The formations containing these clays are found flanking 
vearly all of the mountain-ranges in the State, and the clay-beds vary in 
hhickness from 4 to 40 feet. Bowlder-clays, that are so common in the 
Jast, are not known and will be found only in small and isolated locali- 
ies. With the exception of the manufacture of common brick no atten- 
ion has been paid to any of the clay industries, and all of the fire-clay 
roods used in Wyoming are manufactured in Colorado, while pressed 
rick are shipped in from various points. ‘This condition is largely due 
o the limited population of the State, and the slight demand for clay- 
oducts. The common brick which are, as a rule, manufactured from 
oess, are very siliceous and fragile, although in a few places there is clay 


1 ng; and Min. Jour., LXIV, p. 546, 1898. 
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enough in the loess to make a medium-grade brick. Judging from the 
appearance of the clay-beds and their eeological position, they will, when 
tested, prove equal to the Colorado beds. 

At Cambria, Weston County, the clays associated with the coals have 
been found adapted to the manufacture of dry-press brick. 

Bentonite.—A peculiar variety of clay found in Wyoming and known 
as bentonite was first described by W. C. Knight under the name of 
taylorite! Finding that the latter name was preoccupied, he proposed 
the name of bentonite for it 2 from its occurrence in the Benton forma- 
tion. The deposits in the northeastern part of the State, in the vicinity 
of Newcastle, were first described in detail by N. H. Darton.? 

Bentonite when fresh has a yellowish-green color, but assumes a 
light cream tint on exposure. It is fine-grained, soft, and absorbs three 
times its weight of water, accompanied by swelling. Its specific gravity 
is 2.18. Professor Knight pointed out its resemblance to the ehren- 
bergite of Germany, but it differs from it in containing less alkali. The 
soda reported in the analyses is, as a rule, found in the clay in thin seams 
as sodium sulphate. T. T. Read thought, from analyses examined by 
him, that it most closely resembled montmorillonite (Ref. 8). 

It will be seen from the analyses given below that the clay shows 
a somewhat variable composition, and that its peculiar properties are 
due no doubt to physical rather than chemical conditions, 


ANALYSES OF BENTONITE 


se I II Til IV Vv. VI 
Silica (Si0,) . . . 59.78 | 61.08 | 63.25 | 65.24 | 6 ; 
4 Evehiesepaietsunevoehe erste 09.78 | .08 | 63.25 | 65.24 | 64.0 30. 
Alumina (A103) Sinestro oi Gian Gi SSE U KO MENEAME: MS AS 09 9 \ eae 
Ferric oxide USO deo oa bak 2.40 Sh alli7s 3.70 syle 5 4q J 26.58 
Lime (C0), Woy 73 | 9.601) 4.12" 1.0 23 
agnesia 2D) pawnteascesiet ohio 4.14 82 3.70 | 7-34 2. 01 
Dolach (Ic Oyy antennae 1a ae i ae 
Soda (Na.O). ten cere are cll Galea 20: 1 ane eee ils } > 
Sulphur BROPIC (SOR) co ooscoalssanec: 0 “80 ‘4 1 52 Aacey sai ted 
Water (HO) ses ca ose 8 16.26 | 12.10 | und. 249.17 | YO “Viblgs 
Total. cee whee 98.41 | 98.98 | 93.92 | 98.75 100.0 99.49 
SOMO ENT 5 a6 onan. cooc- PACS Nisei 2elsZ 


TI. Rock Creek, r ; 4 
Il. Crook County, yw yoming Exper, Sta., Bull. 14 p. 193, 1893. 
III. Weston County, lw C. Enic 
es pps County, 5 V+ ©. Knight, analyst, 
. Cosgriff. J. Orden, analyst 1 nc ‘ 
T Sei PO ke ie - 5. Geol Su rv. Bull. 285 
VI. Cassa Mining Co,, T. T. Read, analyst. U. 5, Geoh Sunrise p. 446 


‘Eng. and Min. Jour., LXTII, p. 600, 1898. 
*Tbid., LXVI, p. 491. 


® Geologic Atlas, Folio 107, 1904. 
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The peculiarity of composition of this clay lies in its high combined 
water-content as compared with the alumina percentage. 

The clay, which occurs mainly in the Benton group of the Creta- 
ceous, and some in the Niobrara, has been found extensively in Wyo- 
ming in Crook, Johnson, Weston, Converse, Natrona, Carbon, Albany, 
and Laramie counties. More recently additional deposits have been 
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Fra. 171.—Map of Benton formation in Wyoming. (After Fisher, U.S. Geol. Surv., 
Bull. 260.) 


discovered 8 miles east of Frannie, and 5 miles north of Cowley, Wyo- 


ming.! The distribution of the Benton formation in Wyoming is shown 
inslig. 171. 
REFERENCES ON WYOMING CLAYS 
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CHAPTER X 


CANADA! 


Cuays are widely distributed in the Dominion of Canada, and are 
locally developed at a number of points, where there are suitable mar- 
kets within reach. The wares produced not only supply the domestic 


demand, but are also exported to some extent. 


The statistics for 1924 given below are taken from the Annual 


Report of the Dominion Bureau of Statistics, 


Propuction oF Cuay Propucts IN CANADA FROM Domestic CLays, 1924 


Kind I Il 
F 93 95.2 
Brick: Soft mud process { Corinne ss sala M] so07e | 746/048 
Stiff mud process { HACC iega ese eee or ee oe M 80,565 1,842,224 
(wire cut) Commons ee eae ee Ee ty 1,880,631 
iIneereee ee re aislels, ten eC Ar ee eee M 35,203 761,572 
Comin one era ein eae eee M 12,794 168,048 
Fancy or ornamental brick (including special 
shapes, embossed and enamelled brick). ...... M 755 98,460 
eI NAIM SHES Ce AEB EG OMUe heads arias aoa h Nal" M 2,690 40,775 
Minebrickatromydomesticrcl averse eerie I 4,327 209,256 
Wireclayetins scr scsycscister ut hese eee eee eto ee ee es Ton 3,645 26,258 
Fireclay blocks and shapes... 2 PS | Me ee yo a 51,273 
Structural tile: Hollow neciet Gnelucine fre srouine 
and load-bearing tile)............. Ton 96,818 926,777 
Roofing tilesatass aac: ie Gee eNO Th SOLS 917 
Floor tile (quarries)................9q. ft.| 444,601 35,608 
Drain: tiles Sacco: eae eee ee ee M iNSpalsys 409,369 
Sewer pipe (including copings, flue linings, ete.).......Ton Tost) 1,594,280 
Pottery, elazed onunglazedi anne ie eerie ee een 238 242 
Botalss ©. ..cie Pc cs ck ee ne ee 2 a $9,215,077 


I, Quantity, Il. Total selling value. 


*The author is indebted to Messrs. J. McLeish, H. Frechette and Prof. J. A. 
Allan for much recent information regarding Canadian clays. 
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ALBERTA 


Imports oF Chay AND Ciay Propucts In Canapa, 1924 


Quantity Value 
unl cin sotoyic keareaeaen nee M 5,425 $124,983 
Teypbllkehnayes lke, 6 on dee eee i: Pe ora 63,559 
Clays-m Ching mantener Cwt 390,613 PAV) ils} 

HUN OP Ney aaze ns leveremey Ss Cwt 886,091 186,696 
Eiperee eer rir ce aesin ated coarse es 847 
Othentclays argent eran 1 ae su cir eat are cute lacs 56,590 
Drainkuilesun glazed: muerte tener nec e 3,014 
Draimvandesewem pipe ime arene eke ase chess 68,449 
Earthenware and chinaware..................: 4,124,607 
IRIE OTC te tn ig MMO Ate Rete ee Ce 1,119,840 
IR alae OMSL sya oy ane Pe Mure OO pmo ee 69,493 
Othentelayrmanutachures aire a iri erie 842,577 


Exports oF Chay AND Ciuay PRopUCTS FROM 
Canapa, 1924 


lehnulkelivayes/| syatelle, se pisiaia Mla sites Motes eens an Anse $38,105 
(Cline duiiarminvteennel, agoccgcancssaccuuecdg0s 1,127 
Mramuiseburesin emir roerices sta sas cues 109,295 
Barihenwareinscte saa ne accn oe tere Se 72,839 
Porcelainsinculatorseeaae ee eee ee eter 322,206 


VALUE OF CLAY Propucrs By PROVINCES, FROM DoMESTIC 
Cray, 1924 


Value Per cent 

sold or used | total value 
Prince Edward Island........ $3,340 04 
INOW SCO lle a eee 355,948 3.86 
Neng IAS, «ooo eens ass 74,994 81 
Quebeew a sama eeee a ee 2,435,695 26.44 
Ontari Oma eee 5,089,299 55.24 
Nianitobs isa: meee meat 117,450 1,27 
Sasha Chewaler ttre erse) ere 137,280 1.49 
Alberta wectcass ¢ ates cre 540,477 5.86 
(Biautsin Cloykeromoy a5 ean on oe 460,594 4.99 
$9,215,077 100.00 


The clay resources are taken up below by provinces. 


ALBERTA 
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Clay-bearing formations.—These include the Cretaceous, Tertiary, 


and Pleistocene. 


The first two contain vast supplies of shales and clay 


shales, some of which are of excellent quality but they are little utilized. 
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CRETACEOUS 


Approximately four-fifths of Alberta is underlain by Cretaceous 
formations which are covered almost entirely by Pleistocene deposits, 
with Lower Tertiary in a narrow central belt. Within the front ranges 
of the Rocky Mountains in the western part of the Province, and within 
the more disturbed foothill belt of Alberta, there are also outcrops of 
Cretaceous beds. 


LOWER CRETACEOUS 


Kootenay shale.—This is the oldest Cretaceous shale formation in 
Alberta and outcrops along the eastern edge of the Rocky Mountains 
and within the front ranges. It is a silicious, ferruginous red-burning 
shale which has been used at Blairmore for common brick, but has not 
been sampled elsewhere in the Province. 

The McMurray formation on the Athabaska River below Fort 
McMurray has non-caleareous, plastic clay-beds interstratified with 
the bituminous sand. This clay is semi-refractory, fusing at cone 18. 
The raw material has been carved into ornaments and curios, and its 
utilization in this form is promising. The overlying Clearwater shales 
are suitable for stiff-mud brick. 


UppER CRETACEOUS 


Colorado.—This formation consists largely of shale and is over 1500 
feet in thickness. It outcrops along the foothills of Alberta and in 
places these marine shales have formed residual clays. The lower mem- 
bers in this formation, exposed on the McLeod River near Cadomin, are 
used in the Edmonton Portland Cement plant at Marlboro. The upper 
members of the Colorado in the Bow Valley, close to the front of the 
mountains, are utilized by the Canada Cement Company at Exshaw. 
These marine shales from the Crowsnest district west of Pincher Creek 
and Passburg have been proven by tests to be suitable for brick-making. 
Belly River series.—On account of the trough-like structure extend- 
ing north and south through Alberta the members of this series outcrop 
in the eastern part of the Province, and also in the foothills to the west. 
In the plains region the formations making up the Belly River series 
are best exposed in the banks of the larger rivers, such as the North and 
South Saskatchewan (Fig. 172), Red Deer, Bow, and Belly Rivers, where 
some splendid sections are to be seen. The character of thee shales 
may be summed up as follows: (1) Usually red-burning. (2) Often 
very plastic. (3) Occurrence somewhat lens-like, but individual lenses 
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Fic. 172.—Bluffs in Belly River shales along South Saskatchewan River, north of 
Medicine Hat, Alberta. (H. Ries, photo.) 


ull ee ees De eee aes ny 


Fic, 173.—Exposures of Edmonton shale near Entwhistle, Alberta. (H. Ries, 


photo.) 
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often very large. (4) Fusion-point usually not higher than cones 4 or 6. 
(5) Many work smoothly through a die. (6) Careful drying is commonly 
necessary to prevent cracking. 

The Belly River shales are worked at Redcliff (Fig. 172), near Med- 
icine Hat. The main product being common brick, although dry-pressed 
face brick and hollow blocks have also been made. A rough cut “ tap- 
estry-like ” brick is now being manufactured and is used extensively 
throughout the province. The clays at Dunmore are also employed for 
fireproofing and pressed brick. Residual clays from the Belly River 
shales are worked at Smoky Lake. 

Bearpaw shales.—These marine shales have a wide distribution in 
southeastern Alberta and frequently form residual clays. The forma- 
tion has a maximum thickness of about 600 feet, but 1t thins to the north 
and disappears in the Edmonton district. It also thins out towards 
the west, and does not. occur as marine shale in the foothills. Some 
of the beds are gypsiferous, Tests made on these shales at Irwin indi- 
cate that in this region at least the shale is not even suitable for common 
brick. 

Edmonton formation—A broad belt of this formation extends 
- through the central part of the Province, south from Lesser Slave lake 
and narrowing to a belt about 15 miles wide at the southern boundary. 
The formation outcrops along the eastern and western sides of this belt, 
as it is overlain by younger Tertiary rocks. The formation is 1100 feet 
thick on the Red Deer River, and consists of clay shales, sandstones and 
coal seams. Many of the shales are bentonitic, and this decreases their 
usefulness in the manufacture of clay products, as it gives trouble in 
drying and burning. Some of the best-known deposits suitable for 
hollow ware and possibly paving-brick occur along Pembina River west 
of Edmonton (Fig. 173). 


TERTIARY 


Paskapoo shales.—The Tertiary beds overlie the Edmonton forma- 
tion and extend as an irregular belt with a maximum width of 90 miles 
north and south through the central part of the Province from the 
Athabaska River to the southern boundary. The section consists of 
alternating shales and sandstones. Except along the rivers, outcrops 
are scarce on account of the veneer of Pleistocene and younger deposits. 
Much of the shale is too sandy or calcareous, but the formation contains 
a number of shale deposits suitable for common or pressed brick and tile, 
sometimes glazed and fireproofing. The shales are red-burning, with 
fusion-points ranging from cone 3 to cone 15. They are used on a small 
scale for brick and tile at Calgary. 
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or 


PLEISTOCENE (RECENT) 


This is the surface formation in most of the Great Plains region, and 
the clays found in it are more widely used than the Cretaceous and Ter- 
tiary shales. The surface clays may be divided into (1) Lake clays; 
(2) River terrace and flood plain deposits; and (3) Delta deposits. 

The Edmonton lake clays are used for common and pressed brick 
and are found to be most suitable. Sandy, laminated, calcareous lake 
clays are used for common brick at Red Deer. TF lood-plain clays are 
employed for common and dry-pressed brick, and are plastic, gritty 
clays which burn to a light red at cone 03, but the brick is very porous. 

In general the surface clays are silty and yield a porous brick, but they 
are used because they are easy to work. 


PuysicaL Trests oF ALBERTA CLAYS 


i II Til IV V 
Water plasticity, per cent... ...--..--- 28 25 19 25 22 
Linear air shrinkage, per cent.......... 10.4 8.2 6.0 6.9 4.8 
Tensile strength, pounds per square inch.} 270 335 165 176 381 
Cone 010 | Linear fire shrinkage, per cent; 0.2 0.2 0.4 0.8 { anes 
Absorption, per cent........ 14.24 | 16.63 | 14.90 | 19.34 | 14.62 
 { Linear fire shrinkage, per cent) 3.7 2.0 Zee 1.0 3.0 
pees 0S \ Absorption, per cent........ O23 | C2 | OA | US A% | 80% 
Linear fire shrinkage, per cent} 4.3 Uke Wis. Atos een |PeeiMegte ys 5.0 
Oe ( Absorption, per cent........ OF 285) OROMN |e a oet or llineeenn es 0.0 
Cone OO Ois gaa sosiponmose ass babs 6 5 il 1 5 


I. Shale, Edmonton. 
II. Surface clay, Edmonton. 
III. Shale, Brickburn. 
IV. Shale, Red Deer. 
V. Shale, Entwhistle. At cone 3, fire shrinkage 6, and absorption 0. 
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3. Keele, J., Clay and Shale Deposits of the Western Provinces, Pt. V, Can. Geol. 
Surv., Mem. 66, 1915. 

4, Ries, H., Clay and Shale Deposits of the Western Provinces, Pt. III, Can. Geol. 
Surv., Mem. 47, 1914; Pt. IV, ibid., Mem. 65, 1915. 

5. Ries, H., and Keele, J., Report on Clay and Shale Deposits of the Western Prov- 
inces, Pt. I, Can. Geol: Surv., Mem. 24—-H, 1912; Pt. II, ibid., Mem. 25, 1913. 
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BRITISH COLUMBIA 


Clay-bearing formations.—These include deposits of residual, Cre- 
taceous, Tertiary, Pleistocene, and Recent age. The development of 
most of these is comparatively limited. 


RESIDUAL 


None of the residual clays have been utilized commercially, nor are 
they abundant. Attempts are being made at present to develop depos- 
its at Williams Lake and on Vancouver Island, and small quantities of 
brick have been marketed. At Kyuquot in the northwest part of Van- 
couver Island, there is a deposit of residual clay derived probably from 
rhyolite. It is said to be refractory and white-burning, but nothing 
definite is known regarding its extent. 

Residual clays from volcanic rocks are also noted from Kamloops 
Lake, but they are not used, 


Mountain REGION 


In the mountain region of British Columbia most of the shales 
(Cretaceous and Tertiary) are either too siliceous or too much meta- 
morphosed to be of any value for clay products. In the Nicola Valley 
and at a few other localities there are shales which could be used for 
brick, but none of refractory quality have been found. 

In the larger valleys in the mountains there are surface deposits 
of lake and flood-plain clays. One of the most extensive is in the Nicola 
Valley between Merritt and Nicola, and could be used for brick and tile. 
At several points in the Okanagan Valley there are deposits which are 
used for brick-making, 


Pactric Coast REaron 


Tertiary.—The shale deposits of this region are less extensive than 
the surface clays. Tertiary shales occur around Nanaimo and Comox 
on Vancouver Island, but they are usually too sandy or carbonaceous 
to be used alone. Some have been employed for brick-making, and 
they have also been utilized in a sewer-pipe mixture. 

The most valuable deposits of shale and clay are those which occur 
in Sumas Mountain near Clayburn. The section here, which is part of 
the Eocene delta of the Frazer River, shows a series of shales and clays, 
interbedded with coals, sandstone and conglomerate. Underground 
methods are employed for working the clays, which are adapted to the 


MANITOBA 587 


manufacture of pressed brick, paving-brick, fire-brick, fireproofing, 
sewer-pipe, and roofing-tile. 

On Blue Mountain near Whonnock there are other deposits of shale 
and clay which may become of considerable importance in the future. 

Pleistocene.—The Pleistocene clays include the following groups: 
(1) Plastic, red-burning surface clays of the lower Frazer River Valley, 
worked for brick and tile at New Westminster, Port Haney, Ruskin, 
etc.; (2) glacial clay on southern Vancouver Island and the islands 
between it and the mainland, of red-burning character, and worked for 
brick and structural-tile; (3) glacial clay deposits along the coast near 
Prince Rupert, which are gritty but plastic, and suitable for brick and 
drain-tile, 


REFERENCES ON BRITISH COLUMBIA CLAYS 
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Surv., Mem. 66, 1915. 
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Columbia, Trans. Can. Min. Inst., XXII, p. 341, 1919. 

4. Ries, H., Clay and Shale Deposits of the Western Provinces, Pt. III, Can. Geol. 
Surv., Mem. 47, 1914; Pt. IV, ibid., Mem. 65, 1915. 

5. Ries, H., and Keele, J., Clay and Shale Deposits of the Western Provinces, Pt. I, 
Can. Geol. Surv., Mem. 24—E, 1912; Pt. II, ibid., Mem. 25, 1913. 

6. Robertson, W. F., Fire-brick Manufactured at Clayburn, Brit. Col., Ann. Rep. 
Minister Mines, p, N28, 1921, 


MANITOBA 


Clay-bearing formations.— Under this head are to be included only 
deposits of Cretaceous and Pleistocene age. The Silurian and Devo- 
nian formations occupy a large area south and west of Lake Winnipeg, 
but are mostly limestone. The few shales from them which have been 
tested have not proved to be of any value, 


CRETACEOUS 


The Cretaceous shale formations in Manitoba are the Niobrara and 
the Pierre. 

The Niobrara underlies a large area in southern and western Mani- 
toba while the Pierre occupies the summit of all the higher land in the 
western part of the province. 

In southern Manitoba the Niobrara shale is very plastic and some- 
what carbonaceous. It is used at Leary for dry-pressed brick. 
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The upper part of the Pierre is more valuable than the lower, being 
made up in large part of hard, light-gray, fine-grained shale. It has too 
low a plasticity when used alone, and does not burn dense enough. 
Pressed brick have been made from it at La Riviere. 


PLEISTOCENE 


These are surface clays, all of which are more or less calcareous, often 
silty, and tend to check in air-drying. They may be divided according 
to their origin into: (1) Lake clays, (2) River-terrace or flood-plain 
deposits, and (3) Delta deposits. 

Around Winnipeg where there is located an important brick industry 
in the western provinces the clays are of two types, viz.: (1) A calcareous 
surface clay, which lies immediately below the surface, and is 4 to 5 feet 
thick. It is probably a flood-plain silt of the Red and Assiniboine 
rivers; (2) A tough, sticky under-clay, probably a deposit of Lake 
Agassiz, and not used because it cracks and warps in the kiln. 

All the brick plants around Winnipeg use the calcareous surface 
clay which is cream to buff burning, the products being common and 
hollow brick. The industry here is less important than formerly. 


PuysicaL Tests oF MaAnrToBa Cuiays 


I Il Ill IV 
Water plasticitya perCentemnenn tein =mn Tees 32.0 28.2 39.0 
Ihnearsain shrinkage per centes eee 4.9 9.2 4.5 10.3 
Tensile strength, pounds per square inch....... 113 349 240 248 
Cone 010 { Linear fire shrinkage, per cent.......| 2.4 0.6 |—2.5 B. 0 
Absorption, percent...) s.s.)s.esee 28.73 | 15.21 | 31.44 | 13.31 
Gone.03 { Linear fire shrinkage, per cent.......| 4.0 9.6 |—2.4 3.4 
ADSOrp LON Pel Cen Uae itnn teen 24.45 0.21 |} 3142 vit 
Linear fire shrinkage, per cent.......' 5.0 ye Oe es eee 
Cone 1 : as 
Absorptions per Cente nien 19.54 OQ; 6581S 28i3 (|| See 
Fusion: point,-cone.,,. s..nsssae. eaee eee 5 DP | eee 


I. Pierre shale, Riding Mountain. 
Il. Niobrara shale, Leary. 

III. Surface clay, Winnipeg. 

IV. Under clay, Winnipeg. 


All from Can. Geol. Sury., Mem. 24-B. 
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NEW BRUNSWICK 


Clay-bearing formations.—The only clay- or shale-bearing forma- 
tions in this province which are likely to contain workable deposits are 
the Carboniferous and Pleistocene. The Carboniferous rocks underlie 
a roughly triangular area of rather low relief in the eastern part of the 
province, and also occur in two or three smaller patches farther west. 
The beds are nearly horizontal. The western and southern portions of 
the province are more rugged and underlain by igneous and _ pre-Car- 
boniferous metamorphic rocks not likely to yield any commercial clay 
deposits. 


LowrErR CARBONIFEROUS 


The upper part of the Lower Carboniferous carries thick beds of red 
and greenish shales, in part of sandy character. Tests indicate that 
there are shales suitable for red building-brick and paving-brick. 


MippLE CARBONIFEROUS 


In addition to several beds of shale, this member contains a thin 
seam of coal which is being worked at several points. The shale above 
the coal is most favorably located for development as part of it has to 
be removed with the coal in order to give head room, and there are 
already large accumulations of it on the waste dumps. This shale 
would make good common brick, and at three localities in the Grand 
Lake Coal area it has the requisite properties for making vitrified 
paving-block and sewer-pipe. Shales also occur below the coal. There 
are jn addition some semi-refractory shales in this area. 


UprER CARBONIFEROUS 


Near Sackville in southeastern New Brunswick there is some shale 
that could be used for common brick but not vitrified ones. 
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PLEISTOCENE 


The clays of this age consist of glacial boulder clay and stratified 
surface-clays. The latter were deposited along the coast and in the 
main valleys during a post-glacial depression and are found under 
terraces up to 200 and 300 feet above sea level. They are the most 
widely used of any of the clays found in the province, and make a good 
grade of common red brick. 


PuysicaL Tests or New Brunswick CLAYS 


i II Ill IV 
Per cent | Per cent | Per cent | Per cent 
Warten plasticity. tree oe near eee 15 DAS Wace eae 22 
Dcimearcraninys ve Oe) ve eee eee eee 4.8 6.6 6.5 0) 
Linear fire shrinkage............ 0.0 0.15 a0) a be 
OR Brion ihes noi ey ol 2. 10.2 | 13.3 | 16.0 | 16.9 
Linear fire shrinkage............ DO. ale eee 320 eee eee 
Gonea.0S \ INCA Ne ro daconccaGhostacus A GHIN YR eeeesee SR bese 3.5 
Linear fire shrinkage............ 2.3 4.0 9.20.0 | ease eros 
Benen 03 Absorption. sti. eeianec te sere 2.6 1a S Bett ale ESS: 
ees 1 Liner fire shrinkage............. 2.3 5 Ol ite tere ol eee 
Ss INGO GHNMOMNS oacacocnu6engecu ss 0.8 Of8 ae ee ee | eee 
Conejo fusions ery eae ee ee ee 3 5 1 at ease 


He 
Ne, 
III. Surface clay, St. Johns. 
IV. Pleistocene marine clay, Chatham. 


All from Can. Geol. Surv. Mem. 44. 


\ Shale, Grand Lake area. 


REFERENCES ON NEW BRUNSWICK CLAYS 
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2. Keele, J., Grand Lake Coal Area, Can. Dept. Mines, Sum. Rept., 1921, pp. 254 
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of New Brunswick, Can. Geol. Sury., Mem. 16, 1911. 


NOVA SCOTIA 


Clay-bearing formations.—The formations likely to contain clay 
or shale deposits of value are the Lower Carboniferous, Coal-measures, 
Permian, Cretaceous, and Pleistocene. In many parts of Nova Scotia 


the bed-rock is metamorphosed or igneous and offers little of promise to 
the ceramic industry. 
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LOWER CARBONIFEROUS 


This underlies a rather extensive area in central Nova Scotia and 
another one in Cape Breton. ‘There are some beds of shale interstrati- 
fied with limestone which are suitable for common brick, and have been 
used at Pugwash. This shale works up to a smooth plastic mass with 
22 per cent of water and fires to a hard body with low fire-shrinkage, good 
red color, and moderate absorption at cone 010. 

The Millstone grit is mostly sandstone, the shale-beds being usually 
of small extent. Common brick shales in large enough bodies to be of 
commercial value have been found at a few localities as at Bailey 
Brook, Pictou County, and near Sydney. 


COAL-MEASURES 


These contain the most important shale formations found in Nova 
Scotia, although the deposits are rarely of great extent and thickness. 
They are found around Sydney, but would be of value only for building- 
brick. 

In the Pictou County coal field the Coal-measures contain a large 
amount of shale. One deposit of hard, smooth, carbonaceous material 
has been worked at New Glasgow for hollow block and sewer-pipe. 
Brick are manufactured at Westville from a hard grayish-black buff- 
burning shale of the Coal-measure. 


PERMIAN 


The only known clay or shale deposits of importance in the Permian 
are found around Woodburn, east of New Glasgow. They could be 
used for common or face brick, but are not favorably located for extensive 
development. 


CRETACEOUS 


A curious clay deposit of probable Cretaceous age is found near 
Shubenacadie. The material is interstratified with sands, and the 
whole covered by glacial drift. Some fire-clay has been obtained from 
it. Similar clay, mottled red and white, outcrops near Middle Mus- 
quodoboit and is worked to supply stoneware potteries at St. John, 
New Brunswick. 


PLEISTOCENE 
Most of the Pleistocene clays fall into one of two classes, viz.: 


(1) Glacial clays, often stony, very plastic, tough, and red-burning, and 
(2) Estuarine clays, usually strongly laminated, plastic and red-burning. 
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The estuarine clays have been employed for making common brick 
and drain tile. At Enfield a very smooth clay is used for earthenware 


pottery. 


Awatyses oF Nova Scorra Criays 


I. Coal-measures clay, Inverness. 
II. Fire-clay Shubenacadie. 


M. F.Connor, anal. From Can. Geol. Surv., Mem. 16. 


REFERENCES ON NOVA SCOTIA CLAYS 


1. Faribault, E. R., Clays in Lunenburg County, Nova Scotia, Can. Geol. Surv., 
Sum. Rept., 1912, p. 383, 1914. 

2. Ries, H., and Keele, J.. The Clay and Shale Deposits of Nova Scotia and Portions 
of New Brunswick, Can. Geol. Sury., Mem. 16, 1911. 


ONTARIO 


Clay-bearing formations.—Those known are the Ordovician, Silurian, 
Devonian, Mesozoic, and Pleistocene. The deposits are all sedimentary, 
residual clays being rare. 

These formations contain an abundance of clay suitable for the 
ordinary structural clay products but no high-grade clays are known in 
the province except the unworked Mesozoic ones of northern Ontario, 
which cannot be developed until they are more accessible. The surface 
clays of southeastern Ontario are nearly all of Pleistocene age. They are 
underlain in eastern and central Ontario by Paleozoic and Pre-Cambrian 
rocks, and in southern Ontario by Paleozoic ones. The chief exception 


is a limited area of clay near Hamilton which is residual from the 
Queenstown shale. 
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ReEsmpuAL CiLays 


These are naturally rare on account of the glaciated character of the 
country, and when found are usually only in small pockets. 

One unique deposit is that found in the Helen Mine at Michipicoten, 
Algoma West. This represents a kaolinized diabase dike which is nearly 
pure white. It is very plastic, fires light gray, and becomes hard and 
dense at cone 9 with an absorption of 3 per cent, and a total shrinkage 
of 20 per cent, It is not fused at cone 20, 


ORDOVICIAN 


Lorraine formation.—This formation overlies the Utica shale and is 
more widespread and nearer to the surface than the latter. It contains 
numerous hard sandy layers and a few thin limestone beds which must 
be eliminated. Extensive outcrops occur near Toronto and are worked 
at several localities. It is also used in the Ottawa district but is not 
worked. Additional outcrops are known on Manitoulin Island and along 
the shore of Georgian Bay. 

The shale is worked by the stiff-mud process, and occasionally dry 
press. ‘The principal wares made from it are common wire-cut brick, 
rough-face brick, hollow building-blocks, fireproofing and drain-tile. 
It burns a light red at a comparatively low temperature, and has a short 
vitrification range. 

Queenston shale.—The Interlake peninsula has a red shale long 
known as Medina, but lately called Queenston, the name Medina being 
reserved for an overlying gray sandstone formation. The Queenston 
shale rests directly on the Lorraine and outcrops more frequently 
because it occupies the base of the Niagara escarpment for a long dis- 
tance between Lake Ontario and Lake Huron, whereas the Lorraine 
shale forms part of the escarpment only near the shore of Georgian Bay. 

The Queenston is more homogeneous than the Lorraine and more 
plastic, mostly reddish brown, partly greenish gray and sandy. It is 
the most abundant and widely used shale in Ontario, and is partly red 
and partly buff-burning. It is used for dry-pressed and stiff-mud build- 
ing-brick, hollow building-blocks, and drain-tile, but has a short firing 
range. 

SILURIAN 


The Cabot Head shale and the Salina formation are the only shale- 
bearing formations of the Silurian. Neither of these is well situated 
for working and the shales of the Salina do not appear to be suitable for 
the manufacture of clay products. 
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DEVONIAN 


This contains two shale-bearing formations, the Hamilton and the 
Huron. The first-named was formerly used for making brick and drain- 
tile at Thedford. 

Mesozoic 


Fire-clays of Mesozoic age, as determined by plant remains, are 
found beneath glacial deposits in the lowland region around the southern 
and western portions of Hudson Bay. On the Missinabi River they 
show as smooth plastic clays of various colors, with seams of lignite. 
The white clay does not deform at cone 28. On the Mattagami River 
there are beds of refractory plastic clays, some of white-burning charac- 
ter while others are ferruginous. One bed of black clay has the proper- 
ties of ball-clay. 

These deposits are at present too far from transportation routes or 
markets to be used, and moreover, there is some doubt regarding their 
extent. 

PLEISTOCENE 


Keele (Can. Geol. Surv., Rept. 2045, p. 48) does not attempt the 
detailed classification of the Pleistocene clays adopted by Baker (Ref. 1) 
but says: ‘‘ Owing to the difficulty of applying local names to widely 
separated and varying deposits the clays in this report will be described 
according to their economic value.” The clays are of two main types, 
red-burning and cream or buff-burning. Both include clays that are 
very plastic, stiff in working, and sticky, as well as others which are of 
low plasticity and easily worked. None of them can be used for vitri- 
fied products. 

The workable clays of Pleistocene age are mainly of the post-glacial 
lake and estuarine type. Those of eastern Ontario are mostly of marine 
origin, while the others were deposited in fresh water. Their properties 
are sometimes improved by weathering. These clays are extensively 
worked in many parts of the province for the manufacture of soft-mud 
and stiff-mud bricks, as well as for structural and drain-tile. 


REFERENCES ON ONTARIO CLAYS 


; ae M. B., Clay and the Clay Industry of Ontario, Ont. Bur. Mines Rept., XV, 
6. 


. Keele, J -» Clay and Shale Deposits of the Abitibi and Mattagami Rivers, Ont. 
Bur. Mines, Rept. XXIX, Pt. 2, p. 31, 1920. 

. Keele, J., Mesozoic Clays and Sands in Northern Ontario, Trans. Roy. Soe. 
Can., See. IV, p. 25, 1921. 


. Keele, J ., Preliminary Report on the Clay and Shale Deposits of Ontario, Can. 
Geol. Surv., Mem. 142, 1924. : 
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ANALYSES OF ONTARIO CLAYS 


I II III IV Vv VI 
LOS tree atts <a 63.60 43.38 65.04 38.94 69.12 63.00 
HAUS Opti eke lane 16.49 10.96 16.14 12°10 14.03 Ms), 55 
HERO stores nae kes PAE 4.56 Gned 4.83 4.81 6.28 
(C0) eee 3 0.99 18.00 0.80 17.58 1.94 3.48 
MgO. : 2.40 3.30 PA Alef 4.17 1.10 PAST 
INF OUVA cus hlaciane u 1.04 1230 0.64 0.90 AS 2.64 
ISG O ers orm cecvoncis 1.30 2.12 Bacall 2.38 2.05 ae 
SOR eee teen lie ee awe 0.12 0.52 0.10 0.30 
omitlon tense Saal 16, 52 5.98 18.62 4.80 3.63 
99.80 100.17 100.47 100.24 99.48 100.26 
I. Hudson River shale, Toronto Junction. Used for paving brick. 
II. Hudson River shale, Toronto. Buff burning. 
III. Queenston shale, Waterdown. 
IV. Erie blue, clay, Norwich. 
V. Red top clay, Stratford. 
VI. Saugeen clay, Bracebridge. 
All from Ont. Bur. Mines, XV, 1906. 
PuysicaL Tests oF ONTARIO CLAYS 
I II III IV Vv 
Per cent | Per cent | Per cent | Per cent | Per cent 
Waters plasticibyeaan arm cesnn 24 17 18 28 25 
Iimear air shrinkage............. 5 4 4 7 a 
Linear fire shrinkage. . . 4 0 i 1 0 
Bape 010 f Absorption........... 6 10 15 22 15 
Linear fire shrinkage. . . 6 0 zs il 3 
Gene Saute ten 2 Sie eee 24 13 
Linear fire shrinkage. . . 8 0 a 2 6 
Gone Ce an ee 0 6 15 20 0 


* Slight swelling. 


I. Lorraine shale, Medford Brick Co., Medford, Grey County. 

II. Queenston shale, Milton Pressed Brick Co., Red-burning. 

III. Queenston shale, Milton Pressed Brick Co., Buff-burning. 

IV. Quaternary clay, London, Middlesex County. Upper calcareous clay, buff-burning. 
V. Quaternary clay, Hamilton. Upper clay, red-burning. 


All from Can. Geol. Surv., Mem. 142. 
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PRINCE EDWARD ISLAND 


The clay resources of this province are limited to boulder-clays and 
post-glacial clays. 

These post-glacial clays have been used at a number of localities for 
making of brick and tile. They are red and possess very good working 
qualities but have a short heat range and soften at a comparatively low 
temperature. 


QUEBEC 


Clay- and shale-bearing formations.—The large area of pre-Cam- 
brian rocks which underlies the greater part of the province contains 
workable deposits of clay at only one locality (Huberdeau), so far as 
known. 

The Silurian and Ordovician formations carry the best shale deposits, 
but some occur in the Devonian. 

Pleistocene clays are widely distributed, and are the ones most used. 


RESIDUAL CLAYS 


Near Huberdeau, in Amherst township there occurs a deposit of 
kaolin in Grenville quartzite which is associated with a zone of fracture 
and faulting traversing both the quartzite and garnet gneiss. The 
kaolinized zone is about 1000 by 7000 feet, and a shaft 100 feet deep 
has been sunk. 

Wilson (Ref. 2) believes that the kaolin has been formed by rising 
solutions which attacked the quartz grains and replaced them by kaolin- 
ite. At places remains of the vertical beds of quartzite are found in the 
kaolin. Some of the kaolin is white to cream but other portions are dis- 
colored by iron oxide, and also graphite. A heavy mantle of glacial 
drift covers the deposit. The clay is washed, and the purified product 
is fairly plastic, has low tensile strength and does not deform at Cone 33. 
It has been used chiefly as a paper filler, but could also be employed in 
whiteware bodies. The chemical analysis gave: SiO», 46.13; AlsOs, 
39.45; Fe2Os, .72; CaO, 0.00; MgO, 0.00; Ks0, 0.20; NazO, 0.09; 
Ignition, 13.81. Physical tests are given on p. 599, No. VI. 


ORDOVICIAN 


Sillery formation.—This is confined mostly to that portion of the 
province lying south of the St. Lawrence River between Sherbrooke and 
Riviére-du-Loup. A small area occurs on the north side of the river 
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south of Quebec City. Much of the formation is so hardened that it does 
not develop plasticity. The shales are red and gray. Tests of a soft-red 
shale from St. Charles-de-Bellechase indicate that the material has low 
plasticity and shrinkage, but is a good vitrifying shale which could be 
used for dry-press brick, sewer-pipe or paving-brick, but for the two 
last-named uses it would be necessary to add some of the plastic surface 
clay to make the material sufficiently plastic. The formation is not used 
at present. 

Levis formation.—Rocks of this formation occupy a small area in the 
vicinity of Levis. The shales tested are more nearly slates (Ref. 1). 
When ground they have low plasticity, and so could be used only for 
dry-press brick, but since they are of vitrifiable character, they might be 
employed for sewer-pipe or paving-brick if a little plastic clay were 
added to them. 

Utica-Lorraine formations.—These formations contain the most 
wide-spread shale deposits found in the province. They form a strip 
of varying width on both sides of the St. Lawrence River between the 
city of Quebec and Montreal, but occur only in the valley, and not in 
the bordering uplands. A narrow band is also found on the south shore 
of the Gulf of St. Lawrence, and there is a small outlier in the Lake 
St. John basin among the pre-Cambrian rocks. 

The shales of the two formations are similar, and hardly distinguish- 
able except by their contained fossils. In character they are grayish 
to nearly black, often gritty, with little plasticity when ground, and 
containing a high percentage of fluxing impurities which not only 
causes low fusibility, but also a short vitrification range. 

In the vicinity of Quebec and Levis the shale contains sufficient car- 
bonate of lime to cause a buff color at 1090° C. The Lorraine shales 
are more gritty than the Utica and often grade into sandstone, while 
the Utica shales although more uniform, sometimes contain beds of 
limestone. 

The fusibility of these shales limits their use to building-brick and 
fireproofing, and it is frequently necessary to add some plastic surface 
clay to improve their working qualities. Some of the Utica shale also 
contains enough carbon to cause trouble in firing. 

Large quantities of common and face brick are made from the Utica- 
Lorraine shales at La Prairie and Delson Junction in La Prairie County, 
and at Boischatel, Montmorency County. 


SILURIAN 


The only shale formations of Silurian age likely to contain workable 
deposits are those found in the Medina, which occurs in a few small 
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areas in Nicolet County. The lower part of the Medina consists of 
alternating thin layers of sandstone and sandy shale, but in the upper 
part there are some thick beds of fairly plastic material containing little 
sandstone. 

This shale is dark-red to reddish-brown, friable, and rather easily 
eroded. It is easily ground, moderately plastic, dries rapidly without 
checking and fires to a dense body of good color at a low temperature 
(cone 010). It cannot be vitrified but appears to be well suited to the 
manufacture of stiff-mud or dry-press building-brick. 

Farther east there are larger areas of Silurian rocks, but the shales 
are too much metamorphosed to be useful for clay products, 


DEVONIAN 


Devonian rocks occur in Quebec only on the Gaspé peninsula. They 
contain beds of gray shale which might be of commercial importance if 
they were not located so far from the market. 


PLEISTOCENE 


The greater portion of the surface clays of southern Quebec (except 
the boulder clays) were apparently deposited in a sea-basin formed by 
a depression of the land to a depth of about 625 feet. This resulted in 
a flooding of all the lowlands of the St. Lawrence valley, as a result of 
which clay covers a large part of this area. In some places the clay is 
covered by sand, while in others there is sand but no clay. In addition 
clay is also found underlying terraces up to an elevation of 630 feet. 

A large area of Pleistocene clay occurs around Lake St. John at about 
500 feet elevation, and in northern Quebec north of the divide between 
the St. Lawrence and Hudson Bay drainage there is another extensive 
deposit. 

Most of the Pleistocene clays are laminated and often contain sand 
layers. ‘Those deposits which contain a moderate percentage of silt or 
sand are better than the highly plastic ones which are hard to work and 
dry, as well as having a very high shrinkage. 

The upper oxidized brown clay also has better working and drying 
qualities than the lower blue clay. 

The low level clays are in general more plastic and sticky, than those 
found above the 200 feet level, although there are exceptions. 

All of the Pleistocene clays are red-burning, and are fired at cones 010 
to 07. They are used for common brick and drain-tile, but have too 
short a firing range to be employed for vitrified products, and are not 
suited to the manufacture of dry-pressed brick. 
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At St. Johns the Pleistocene clay is successfully used in a mixture 
with New Jersey fire-clay for making sewer-pipe. Several plants are 
making common red brick from the clay along the St. Lawrence River 
at Deschaillons, because it shows better drying qualities. 


Puysicat Tests or Qurspec CLays 


il II Til IV Vv WAL 
Per cent|Per cent|Per cent!Per cent |Per cent |Per cent 

Vater plastiCil veer eee 16 17 30 35 22 45 
Linear air shrinkage.......... 3 3 8.5 9 4.5 7.0 

Bireyshrmisagerees|e ona: 0 iS ON 0 3.0 
Core LOE Mhapeorian ste. vac. 19 Lie sa aes 16 34.3 
epee AN Hirershrimika cers cmnailterer ee 0 2.2 4.0 0.5 3.6 

UNSSOR OOM. 5 65 n0 oc il 8.5 15.6 16.6 1G.2 34.3 

Fire shrinkage..... 0.6 2 10 10.7 Ome) 
Sate ee Raia es os 0 0 0 0 

Fire shrinkage...... 4.6 PAP il hess nator erent a salle Ac eee 4.5 
Conen st NOON NG ya55650 3 fea ease Meoal ign cen ten taro cere. 32 
COMO GH WENONG oo ocomeusaou ae 4 3 1 1 2 34 


* Cone 5, 9.3 fire shrinkage, 20.0 absorption; Cone 9, 11.3 fire shrinkage, 17.0 absorption. 


I. Utica-Lorraine shale, Montmorency. 
II. Medina shale, Ste. Monique; 
III. Pleistocene brick clay, Lakeside. 
IV. Pleistocene brick clay, Montreal. 
V. Pleistocene brick clay, St. Raymond. 
VI, Washed kaolin, Huberdeau, 
REFERENCES ON QUEBEC CLAYS 


1. Keele, J., Preliminary Report on the Clay and Shale Deposits of the Province of 
Quebec, Can, Geol. Surv., Mem. 64, 1915. 

2. Wilson, M. E., Geology and Mineral Deposits of a Part of Amherst Township, 
Quebec, Can. Geol. Surv., Mem. 113, 1919. 


SASKATCHEWAN 
Clay-bearing formations.—These include the Cretaceous, Tertiary, 
and Pleistocene. The clay resources of only the southern part of the 
province have been investigated in fair detail. The Cretaceous and 
Tertiary beds are practically flat lying. 


CRETACEOUS 
Niobrara and Pierre formations.—Both of these formations which 
underlie much of the central and eastern part of the province, probably 
contain a large amount of shale, but on account of the covering of Pleis- 


tocene deposits outcrops are scarce. 
Tests of the Niobrara shale from Lost Mountain Lake north of Regina 
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indicate that it could not be easily used as it is too tough and sticky 
when mixed with water, will not stand rapid drying, and tends to bloat 
and black core in the kiln. 

The Pierre shale where tested was found to have excessive shrinkage 
in drying and burning, and to develop a dirty scum in the kiln. It is 
also frequently gypsiferous. 

TERTIARY 


The section of the Tertiary in southern Saskatchewan is given as 
follows: 
Oligocene = Cypress Hills formation 


Ravenscrag 
Eocene (Ft. Union) = { White mud 
Estevan 


Estevan group.—This contains clays of doubtful value, as they are 
stiff, sticky, and show excessive shrinkage. One of the beds is being 
worked and specially treated at Estevan, for making dry-press face brick. 

White-mud formation.—The clays of this formation are relatively 
pure and refractory, in striking contrast to those which le above and 
below it. 

The eastern beds, as those of the Souris Valley near Halbrite and 
Yellow Grass, in the Dirt Hills at Claybank and Mitchellton, and in the 
Lake-of-the-Rivers valley near Willows, are more refractory than those 
in the Cypress Hills district. Some of the eastern clays are true fire- 
clays while those farther west are semi-refractory clays and stoneware 
clays. 

The only plant in the province using the refractory clays is located 
at Claybank on the north slope of the Dirt Hills, some 30 miles south of 
Moosejaw. The clays have a lenticular structure and some of them 
are very sandy. They are being used for fire-brick and high-grade face 
brick. No large deposits seem to have been proven. 

Clay is mined at Willows and shipped to Medicine Hat to be used in 
sewer-pipe. The section is as follows: 


Boulder clay 


Sticky dark clay with selenite.....,-cysuulece ones 4 
Lignitic clay 1 


Ww ok Ww 
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The run of bank is not quite vitrified at cone 10. By mixing with it 
some of the stoneware clay from Fastend a better sewer-pipe has resulted 
and it can be burned at cone 7. 

The 15-foot bed near the top is important. It is a strong plastic 
clay with 8.3 per cent air-shrinkage, which fires white at cone 03 with a 
total shrinkage of 12.6 per cent and absorption of 16 per cent. It is 
not vitrified at cone 9, and deforms at cone 30. Some of the beds in the 
Willows district yield a good ball-clay (Ref.). 

At Eastend there are excellent exposures of the white plastic sewer- 
pipe clays of the White-mud formation. Stoneware clays could be 
obtained by selecting certain beds of the series, but it would be necessary 
to leach out the soluble salts before using. Clays are shipped from here 
to Medicine Hat for use in stoneware and sewer-pipe manufacture. 


PLEISTOCENE 


The Pleistocene deposits include glacial lake clays and flood-plain 
or terrace deposits. Only the more silty clays can be used as the highly 
plastic ones (gumbo) free from silt are almost impossible to work and 
crack badly in drying. 


PuysicaL Trsts oF SASKATCHEWAN CLAYS 


I IDL III IV V 
Water plasticity, per cebt.....-2.-.-.- 21 PE Neve ciphesnore 30.0 27.0 
Linear air shrinkage, per cent.......... 5 Onli 7.8 8.5 (1 
Tensile strength, pounds per square inch.| 334 DPBS Ae a ererdoe BBA g IP aaictetens 
Linear fire shrinkage, per cent # 0.0 1.0 0.2 0.0 
one 070 Absorption, per cent........ 24.48 | 18.58 | 14.76 | 16.38 | 18.58 
: Linear fire shrinkage, per cent % 2.7 3.6 4.4 2.7 
Ecuen ts | Absorption, per cent........ 23.94 | 15.41 | 11.60 (ooZ melon 
Linear fire shrinkage, per cent} 0.4 |....... 6.0 ESE Ba ster acs Pacers 
pone Absorption, per cent........ LO S74 vee oe trae | ARP lo coonec 
; linearsine shnimkages per cenilas..... rhe cuerilleeierierte Deda Pillernaeveers 
oa NOS ORG, JSP GSM, sac cot node calmoadcoallacn coor AG 3 Oi | aor 
Linear fire shrinkage, per cent}....... Deal GG) alate ees PAU 
CON x! ADSOuD DON pel Cela rile tester 10.3 Ue he Nt 68 ocho MO) 7 
Linear fire shrinkage, per cent|....... 3.0 Shae eee oat 308 
COR NOOO, TIPE COs sco cine llaaesaa 9.8 DE 2D ae exes 9.81 
Gone Oiusion eerie ete ee seer 2 32 S2eeu pote ae 32 


* Slightly swelled. 
I. Surface clay, Estevan. 
Il. Light-gray sandy clay; Dirt Hills. 
Ill. Gray fire-clay, Dirt Hills. 
IV. Claybank. Large pieces crack badly on drying. Burns red. 
Y. Clay bank. Stands rapid drying. Contains soluble salts. Burns white. 
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Common brick are made at Saskatoon from a surface clay which 
is a mixture of silty or sandy yellowish clay with a dark gray, stiff, 
highly plastic clay. The latter will not break down readily but remains 
as lumps in the brick. The clay is pale red-burning and cannot be 
vitrified. 

Sandy and silty surface clays are also used for common brick at 
Prince Albert and at Bruno. 


REFERENCES ON SASKATCHEWAN CLAYS 
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Branch, No. 468, 1918. 

2. Keele, J., Clay and Shale Deposits of the Western Provinces, Pt. V, Can. Geol. 
Surv., Mem. 66, 1915. 
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591, p. 268, 1923. 

4, Ries, H., Clay and Shale Deposits of the Western Provinces, Pt. III, Can. Geol. 
Surv., Mem. 47, 1914; Pt. IV, ibid., Mem. 65, 1915. 
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Western Provinces, Can. Geol. Surv., Mem. 24-E, 1912, and Pt. III, ibid., 
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Adams, T. C., 263. 

Adobe, 351, 495. 

Adsorption, 268. 

Aeolian clay, 28. 

Air determination, volumeter, 239. 

Air shrinkage, 224; effect of preheating on, 228; 
effect of pressure on, 227; effect of sand on, 
225; expression of, 226; factors effecting, 228; 
formula for calculating, 226; range of in clays, 
226. 

Alabama, clays described, 388; fuller’s earth 
described, 381; referred to, 12, 29, 58, 66, 70, 
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Alaska, 17, 371. 

Alberta, clays described, 581; referred to, 369, 
370. 

Alden, W. C., 384. 

Aleksiejew, U., 170. 

Alexander, J., 372. 

Algonkian clays, 448, 463. 

Alkalies, 141; amount of, in clays, 141; fluxing 
action of, 144; sources of, in clay, 141. 

Allan, J.-A., 50, 373. 

Allophane, properties of, 75. 

Alumina, coloring effect in firing, 260; effect on 
iron coloration, 120; fluxing action with silica, 
293; in clays, 117. 

Aluminum hydrates, dehydration of, 273; in 
clays, 84. 

Analyses of, adobe soils, 351; Alabama clays, 
391; alleged halloysites, 70; aluminum hy- 
drates, 86; Arkansas clays, 395; baked clays, 
51; bali clays, 327; beidellite clays, 75; benton- 
ite, 368, 369; bentonite, Wyoming, 578; cal- 
earious clays, 135; Colorado clays, 400; Con- 
necticut clays, 404; diaspore clays, 86, 474; 
fire clays, 336; fireproofing clays, 357; Florida 
clays, 407; fuller’s earth, 383; Georgia clays, 
412; gibbsite clays, 86; Halloysite, 67, 68; 
Illinois clays, 416; Indiana clays, 426; indiana- 
ite, 80; Iowa clays, 435, 436; kaolin formation 
at Karlsbad, 18; kaolinite, 59; kaolinite from 
feldspar, 15; kaolin, Massachusetts, 455; 
kaolins, 10; Kentucky clays, 439, 440, 443; 
laterite, 13; lime in clays, 126; loess, 352; 
Maine clays, 446; Maryland clays, 453; 
Massachusetts clays, 457; Michigan clays, 
461; Minnesota clays, 464; Mississippi clays, 
470; Missouri clays, 479; Montana clays, 482; 
montmorillonite, 72; mullite, 288, 289; New 
Jersey clays, 492; New Mexico clays, 496; 
New York clays, 501; North Carolina clays, 
506; North Dakota clays, 513; Nova Scotia 
clays, 592; Ohio clays, 520, 521; Ontario clays, 
595; paving brick clays, 348; Pennsylvania 


clays, 538; Portland cement clays, 362; 
pressed brick clays, 352; residual clays, 12; 
residual kaolins, 320, 321; slip clays, 360; 
South Carolina clays, 540; South Dakota 
clays, 545; Tennessee clays, 549; Texas clays, 
554, 556; Vermont clays, 447; Virginia clays, 
561; Washington clays, 565; West Virginia 
clays, 570, 571; Wisconsin clays, 576. 

Analyses, showing variation in clays, 101; 
showing variation in same deposit, 101. 

Analysis of, allophane, 79; glauconite, 94; 
gumbo clay, 360; halloysite, 66, 78; indiana- 
ite, 78; leverrierite, 77; Missouri clay, 476, 
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42; color of, 259; common brick, 349; com- 
pressive strength, 221; concretions in, 45; 
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276; drift, 28; enameled brick, 356; erosion 
of, 40; estuarine, 23; expansion in firing, 233; 
exploitation of, 49; facebrick, 352; faulting in, 
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54. 

Clayite, 70. 

Clay minerals, classification of, 82. 

Clendenin, W. W., 445. 

Coal-measures clays, 389 458, 474, 476, 477, 591. 
See Carboniferous clays. 

Coats, M. A., 128, 160. 

Cobb, J. W., 115, 233, 257, 272, 273, 274. 

Cole, S. 8., 308. 

Collier, A. J., 50. 

Collin, 160. 

Collins, J. He, 4: 

Colloidal matter, in clay, 1. 

Colloids, addition to clays, 174; in clays, 185; 
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223; transverse, 210. 

Strohecker, J. H., 96. 

Stromeyer, 71. 

Stuckey, J. L., 89, 506. 

Stull, R. T., 154, 170, 201, 28 
522. 

Stutze, O., 16. 

Styria, 67, 374. 

Sullivan, B. C., 269 

Sullivan, J. D., 102. 

Sulphur, effect ‘of, 155; evolution of, 156; in clay, 
154; sources at 15 wile volatilization, 158. 

Seakatvee oxides volatilization temperature, 277. 

Swamp clay, 24. 

Swanson, C. O., 14. 

Swartz, C. K., 449. 

Sweet, E. T., "B77. 


, 320, 413, 417 


Taff, J. A., 558 
Talbot, A. N. 417. 
Tammann, Ge 273. 
Taylorite, 365. 
Teall, J. J. H., 94 
Teetor, P., 438. 

Tennessee, clays, described, 545; referred to, 
270, 272, 291, 326, 327, 331, 333, 368, 371. 
Tensile strength, cause of. 216; effect of drying 
on, 215; measurement of, 214; range of, 216. 
Termier, P., 77. 
Terrace aust 24. 


Terra cotta clays, physical tests, 344, 345; 
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properties of, 343; referred to, 398, 451, 452, 
477, 483, 489, 490, 546. 

Tertiary clays, 390, 394, 398, 400, 405, 414, 441, 
452, 456, 467, 469, 478, 490, 499, 511, 524, 525, 
543, 548, 553, 560, 563, 584, 586, 600. 

Texas, clays described, 549; peculiar clay from, 
170; referred to, 67, 93, 145, 161, 170, 228, 278, 
321, 337, 339, 342, 350, 351, 360, 371, 380. 

Texture, measurement of, 194; of clay, 194; rela- 
tion to composition, 207; use of microscope, 
206. 

Theobald, L. 8., 153, 154, 254. 

Thompson, M., 423. 

Thompson, R. A., 557. 

Thomson, W., 274. 

Thornberry, M. H., 474, 481. 

Thornton clay, 450, 519. 

Thugutt, 8. J, 75. 

Tilley, G. S., 102. 

Tionesta clay, 518. 

Titanite, effect of heat on, 291. 

Titanium, amount of, in clays, 145; effect of, in 
clay, 145; fluxing action of, 145. 

Todd, J. E., 417, 5438, 545. 

Tolman, C. F., 16. 

Topaz, in clay, 96. 

Tourmaline, effect of heat on, 94, 291; 
94; weathering product of, 94 

Transported clays, 19. | 

Transverse strength, 210; effect of moisture on, 
212; effect of sand on, 213; measurement of, 
214; of different clays, 212; range of, 212. 

Triassic clays, 437, 450, 485, 504, 559. 

Tridymite, 114, 115. 

Trowbridge, A. C., 417. 

Turgite, 90. 

Turner, W. E. S., 88, 233, 287. 

Turpentine cup clays, 547. 

Twells, R., Jr., 340. 


in clay, 


U 
Udden, J. A., 417. 
Ultimate analysis, method, 105. 
Ultra clay, experiments with, 179. 
Ultramarine clay, 364. 
Ultramicroscope, use of, 54. 
Upper Freeport clay, 519, 533, 568. 
Upper Freeport limestone clay, 533. 
Upper Kittanning clay, 532. 
Upper Mercer clay, 518, 529. 
Urazov, G. G., 86, 273. 
Utah, clays described, 558; referred to, 351, 380. 


Vv 

Vanadates, in clay, 95 

Vanadium, effect on fusibility, 160; in bricks, 
159; in clay, 159. 

Van Bemmelen, J. M., 170 
Van der Bellen, 176. 

van der Meulen, P. A., 70, 85. 

Vandusen clay, 517. 

Van Hise, C. R., 65. 

Van Horn, FE’. B:, 385, 522: 

Varve clays, 24. 

Vaughan, T. W., 385. 

Veatch, O., 413. 

Vermont, clays described, 447. 

Vernadsky, W., 275, 286, 288. 

Vesicular structure, 282. 

Vesterberg, K. A., 275. 

Virginia, clays Secenbadl 558; referred to, 29, 70, 
145, 169, 321, 350, 371, 380, 381. 


INDEX 


Viscometer, MacMichael, 190. 

Vitrification, changes accompanying, 280; com- 
plete, 279; effect of time on, 279; fusion, 280; 
gases evolved, 282; incipient, 279; minerals 
developed during, 286; range of, 280; relation 
to porosity, 282; relation to shrinkage, 285; 
relation to specific gravity, 286; structure 
developed by, 282: 

Vitrification range, importance of, 281. 

Vitrified, defined, 281. 

Vivianite, in clay, 95. 

Voght, 305. 

Vogt, G., 145, 167. 

Wort, Ji. ble Ih., 45.5. 

Vollersten, J. J., 384. 

Volumeters, described, 235. 


W 


Wiichter, A., 286. 

Wad clays, referred to, 361, 548. 

Wadleigh, W. H., 149, 228. 

Walden, P. T., 123. 

Wallace, R. C., 287. 

Wallach, R., 274. 

Wall niter, 163. 

Wall saltpeter, 163. 

Wall tile clays, referred to, 411, 478, 540. 

Wall white, 163. 

Ware clay, 361. 

Washburn, E. W., 115, 239, 240, 244, 245, 276. 

Washington, clays described, 562; referred to, 
380. 

Washington, H. 102, S., 103. 

Watanabe, 263. 

Water, chemically combined, 150; effect on 
black coring, 153; in clay, 148; loss on expo- 
sure, to sulphuric acid, 277; mechanical, 148; 
plasticity, 148; pore, 148; quantity in clay, 
149; shrinkage, 148. 

Water of plasticity, range of, 182. 

Watson, T. L., 385. 

Watts, A. S., 102, 200, 212, 287, 317, 320, 455, 
506. 

Wavellite, 79, 95. 

Weathering clay, 43, 182. 

Wegemann, C. H., 287. 

Weigel, W. M., 253, 363, 543. 

Weighing method for texture, 197. 

Weinschenk, E., 82. 

Wells, J. W., 589 

Wesson, D., 384. 

Westman, A. E. R., 264. 

Westmont, O. B., 250. 

Weston, F. E., 372. 

West Virginia, clays described, 566; referred to, 
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29, 158, 161, 188, 208, 221, 253, 334, 337, 338, 
339, 342, 346. 

Wheeler, H. A., 30, 32, 48, 66, 124, 145, 170, 216, 
252, 280, 303, 472, 474. 

Wherry, E. T., 29, 67, 73, 74, 76, 77, 82, 84, 85, 
365, 367, 372, oro. 

Whirlpool classifier, 201. 

White, I. C., 572. 

Whiteware clays, referred to, 442, 540, 596. 

Whitford, W. G., 437. 

Whitney, M., 12, 168, 196. 

Whittemore, O. J., 437. 

Whittle, ©: 1.) 457. 

Wiegner, 198. 

Wilgus clay, 519. 

Williams, A. E., 160. 

Williams, I. A., 76, 197, 216, 252, 236, 432, 437. 

Williams, J. F., 77. 

Wilson, G. V., 85, 287, 290. 

Wilson, H., 153, 223) 228, 229, 261, 279, 344, 
566. 

Wilson, M. E., 16, 599. 

Wilson, R. E., 176, 191. 

Winchell, A., 467. 

Winchell, A. N., 467. 

Winters clay, 518. 

Wisconsin, clays described, 572; referred to, 11, 
12, 74,93, 135, 3850; 371. 

Wohlin, R., 76, 85, 86, 273. 

Wologdine, 264. 

Woodworth, J. B., 457, 540. 

Woolsey, L. H., 539. 

Worcester, W. G., 255, 359, 602. 

Worthen, S., 29. 

Wright, F. E., 118. 

Wright, G. F., 539. 

Wiilfing, E. A., 273. 

Wyoming, clays described, 577; referred to, 72, 

* 365, 370. 
Wyson, D. C., 48, 85. 


x 
Xanthosiderite, 90. 
X-ray examination, 54. 


w 


Yellow ware clays, 518. 


Z 
Zalinski, E., 16. 
Zellner, J., 67. 
Zies, E. G., 289. 
Zimmer, W. H., 102, 116, 117, 177, 306, 308. 
Zircon, effect of heat on, 291. 
Zirkel, F., 50. 
Zschokke, B., 102, 104, 166, 171, 180, 187, 188. 
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